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Sample  Computation  of  y  and  &  in  the  Troposphere 
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V 

This  report  describes  simple  methods  for  computing  refraction  effects, 
such  as  radar  elevation  angle  and  range  errors,  total  ray  bending  and  Faraday 
rotation,  caused  by  the  troposphere  and  the  ionosphere.  These  methods  are 
applied  to  radiosonde  and  io nogram  data  for  Fairbanks,  Thule  and  Leuchars,  Scot¬ 
land,  to  obtain  the  statistical  distribution  of  refraction  effects  at  these 
locations. 


The  application  of  the  methods  to  the  computation  of  refraction  effects 
at  a  given  time  and  location  is  described  in  detail,  and  numerical  examples  are 
given. 

\  An  interesting  property  vac  discovered  of  the  ionospheric  component  of 

\ 

elevation  angle  error.  Unlike  the  tropospheric  component,  this  quantity  actually 
increases  with  increasing  elevation  angle,  reaching  a  maximum  value  at  an  eleva¬ 
tion  angle  of  between  100  and  200  milliradians  and  then  decreases.  The  tropo¬ 
spheric  component  decreases  rapidly  enough  to  make  the  combined  elevation  angle 
error  decrease  with  increasing  elevation  angle  (at  frequencies  above  50  me),  but 
at  a  slower  rate  than  would  otherwise  be  expected. 


The  statistical  analysis  shows  that  tropospheric  refraction  is  greatest 
and  most  variable  at  Fairbanks-  There  is  a  seasonal  trend  at  all  stations,  with 
maximum  refraction  at  Thule  and  Fairbanks  in  winter,  and  in  Scotland  in  summer. 
Ducting  is  weak  at  all  stations;  the  lowest  trapped  radar  frequency  being  800 
megacycles.  Maximum  terrain  cluttsr  ranges  for  particular  terrain  features  of 
550  Mies  £  be  expected  at  Fairbanks,  and  less  than  this  at  the  other  stations. 
Ionospheric  effects  exhibit  a  strong  diurnal  trend  in  winter  at  Fair¬ 
banks  and  Scotland,  with  a  maximum  in  the  afternoon.  Little  diurnal  trend  exists 
at  Thule,  Summertime  diurnal  variations  are  small  at  all  stations.  The  effects 
during  1954  (sunspot  minimum)  are  similar  to  those  during  1957  (sunspot  maximum) 
except  that  they  are  scaled  down  by  an  order  of  magnitude. 


'  1HIROppct:qn 

*  v 

'  The  pur pot*  of  the  work  done  under  Engineer ing  Changes  A  &  B  of  this 

.  *  *  *  * 

contract  is  to  investigate  the  effects  of  the  troposphere  and  the  ionosphere  on 
ground  radar  tracking  of  high  altitude  targets.  The  investigation  has  been 
divided  into  the  following  three  phases, 

(1)  Mathematical  analysis  of  refractive  bending,  radar  elevation 
angle  error,  range  error,  and  polarization  rotation,  as  well  as 
the  effects  of  tropospheric  ducts. 

(2)  Development  of  procedures  for  computing  the  above  effects  using 
available  radiosonde  and  ionogram  data. 

(5)  Analysis  of  data  for  three  specified  locations,  to  determine  the 

statistical  distributions  of  the  above  parameters  at  these  locations. 
The  details  of  the  mathematical  development  were  presented  in  SRA  Report  No.  68, 
dated  September,  1958.  In  this  report,  the  basic  expressions  for  determining 
total  bending  y  ,  elevation  angle  error  6,  range  error  Ar,  and  polarization  ro¬ 
tation  Q,  were  derived.  Subsequent  SRA  Reports  (numbers  80  and  87)  described 
the  various  approximations  which  are  justified  in  the  development  of  computa¬ 
tional  procedures  for  determining  y,  b,  Ar  and  fi  from  radiosonde  and  ionogram 
data. 

In  the  present  report  we  shall  be  concerned  primarily  with  presenting 
computational  techniques  and  with  the  results  of  applying  these  techniques  to 
actual  data  at  three  specific  locations.  Statistical  distributions  of  the  para¬ 
meters,  seasonally  and  diurnally  will  be  presented  for  each  location.  Tropo¬ 
spheric  effects  are  treated  separately  from  ionospheric  effects,  since  the  latter 
are  frequency  sensitive  and  the  former  are  not.  Methods  are  given  for  combining 
the  two  components  for  any  desired  frequency  (above  100  me).  Finally,  sample 
curves  are  presented  in  which  the  components  have  been  combined  for  frequencies 
of  100  me  and  400  me,  for  some  typical  and  extreme  refraction  conditions.  The 
frequency  of  occurrence  of  tropospheric  ducts  at  each  location  is  also  presented, 
together  with  the  resulting  maximum  ranges  for  sea  and  ground  clutter  echoes. 


TROPOSPHERIC  REFRaCTION  EFFECTS 


The  two  tropospheric  refraction  effects  of  direct  interest  in  radar 
tracking  are  the  elevation  angle  error  b  and  the  range  error  Ar.  In  order  to 
obtain  6,  it  is  first  necessary  to  compute  the  actual  ray  bending  y  This  is 
done  by  dividing  the  tropospheric  column  into  layers  whose  boundaries  are  the 
radiosonde  significant  levels.  Since  these  levels  were  originally  chosen  such 
that  linear  interpolation  of  temperature  and/or  dew  point  between  levels  gives 
'El  good  recovery  of  the  original  radiosonde  trace,  we  are  quite  justified  in 
assuming  a  constant  gradient  of  refractive  index  n,  within  a  given  layer. 

For  such  a  layer  the  incremental  ray  bending  is 


and  the  incremental  range  error  is 


(1) 


Sin  +  Sin  p^ 

In  these  expressions  the  j  subscript  refers  to  the  lower  boundary  of  the  layer 
and  the  k  subscript  refers  to  the  upper  boundary  of  the  layer,.  The  nis  are  refrac¬ 
tive  indices  at  these  heights,  the  h's  the  heights  of  the  boundaries,  and  the 
P’s  are  the  ray  inclination  angles  at  the  layer  boundaries  (see  Figure  1).  The 
value  of  p  at  each  layer  bouidury  is  determined  from  Snell’s  law 

np  cos  p  =  n  a  cos  a 
r  o  o 

where  a  is  the  earth's  radius 
and  p  i3  a  ♦  h,  the  height  of  the  layer  boundary 
Since  one  customarily  computes  the  refract iv it y  N  =  (n-l)  x  10  from  radiosonde 
data,  one  can  express  itf  as 


-  2  - 


(5) 


(nr)  = 


YYk _ 

500  (tan  pj  ♦  tan  p^ 


Figure  2  li  a  graphical  solution  of  Snell's  law  giving  500  tan  p.  To 
use  the  figure,  enter  the  left  margin  at  the  value  of  Nq  -  N  appropriate  to  the 
boundary  level  of  interest;  move  horizontally  to  the  curve  correapondii.g  to  the 
layer  height  (the  numbers  on  the  curves  are  in  thousands  of  feet).  Now  move 
vertically  to  the  curve  corresponding  to  the  desired  ac  in  milliradians.  Finally 
move  horizontally  to  the  right  margin  and  read  500  tan  p.  Using  these  curves,  it 
is  relatively  simple  to  compute  the  Af 'a  for  eny  arbitrary  set  of  points  defin¬ 
ing  the  N  profile.  A  numerical  example  of  such  a  computation  is  given  in  the 
last  section. 

In  order  to  obtain  the  elevation  angle  error  6g  for  a  target  at  a  par- 
ticular  height  H,  one  sume  up  the  Ay's  from  radar  height  (assumed  to  be  zero)  to 
the  target  height  to  obtain  yH. 

then  «  2 

.  _  rH  tan  PH  +yh/2  (  ) 

“  rH  4  "  tan  “o 

In  the  caee  of  range  errors,  one  simply  adds  the  Ar's  for  each  layer 
between  0  and  H  to  obtain  the  total  range  error  Ar^-  The  range  error  is  such  a 
small  percentage  of  the  total  range  that  one  is  not  usually  concerned  with  tropo¬ 
spheric  Ar's  when  tracking  aircraft  and  other  relatively  low  altitude  targets. 

In  the  case  of  missile  tracking,  one  is  concerned  with  both  the  total  tropospheric 
component  and  at  least  part  of  the  ionospheric  component  of  range  error. 

The  statistical  analysis  of  range  errors  has  therefore  been  limited  to 
that  caused  by  the  total  troposphere.  Since  this  component  is  small  compared  to 
the  ionospheric  range  error  componezit  (at  100  me),  it  was  felt  justified  to  use 
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An  approximate  method  for  computing  A r  for  the  troposphere,  rather  than  the  more 
accurate  (but  more  expensive)  method  of  e  ironing  individual  layer  increments. 

In  the  approximate  method,  the  troposphere  is  aesuned  to  have  a  con¬ 
stant  N  gradient  of  12  units/1000  ft  up  to  the  height  where  N  becomes  aero,  Nq 
thus  being  the  only  remaining  variable.  In  such  an  atmosphere 


““Tofe  <ft> 


then  from  (2) 


a  t 
At  - 


HN 


N  2  x  10*“ 
_ o _ 


Sin  {Jjj  ♦  Sin  aQ  .012  (Sin  Ppj  ♦  Sin  aQ  ) 


from  Snell's  law 


Sin  B  =  J  Sin  a  -  2H  x  10"°  ♦  2  H/a 
*  0  0 


*  S  Sin^  a  ♦  6  N  X  20" 
o  o 


which  gives  finally 


Ar*  = 


N  2  x  lO"12 
<> 


.012/  Sin  a  +  (Sin2a  ♦  6  N  x  10*6)  lj^l 

i_  o  00  — 1 


(5) 


Comparisons  of  this  expression  with  the  more  accurate,  layer  by  layer 
method  showed  that  if  the  approximate  results  were  multiplied  by  a  constant  fac¬ 
tor  of  1.60,  they  agreed  with  the  more  accurate  results  within  10  ft  at  all  ele¬ 
vation  angles.  It  also  turned  out  that  Ar^  is  rather  insensitive  to  the  actual 
structure  of  the  N  profile,  and  is  a  function  primarily  of  at  a  given  eleva¬ 
tion  angle.  One  can  compute  Ar^  with  negligible  error  therefore  by  the  following 


expression: 


Ar  (ft)  = 


.000136  N 


sina  +  (sin  2a  +  6N  x  10”^)  ^2 


(6) 
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This  is  the  expression  used  in  the  statistical  computations  of  the  tropospheric 
component  of  the  range  error. 

Since  the  methods  which  have  been  developed  for  computing  refractive 
effects  are  equally  applicable  to  the  troposphere  and  the  ionosphere, superscripts 
*t*  and  '*in  will  be  used  to  distinguish  between  the  two  cases  whenever  necessary. 

Statistical  Analysis 

The  methods  described  above  were  used  to  compute  b  and  Ar^  for  various 
target  heights  and  elevation  angles.  Three  years  of  radiosonde  data  (1955 
through  1957)  were  obtained  for  Leuchara,  Scotland;  Thule,  Greenland;  and  Fair¬ 
banks,  Alaska.  Four  radiosonde  ascents  a  day  were  available  from  Thule  and  two 
per  day  from  the  other  two  stations.  For  each  ascent,  6  was  computed  for  target 
heights  of  10,  50,  100  and  300  thousand  feet  and  for  ao's  of  0,  10,  30,  100,  300 
and  10Q0  milliradians.  A  statistical  distribution  was  run  by  calendar  month  on 
these  computations,  as  well  as  on  the  Ar*  computations  for  the  same  a^'s. 

It  was  found  that  all  of  the  distributions  wore  very  nearly  normally 
distributed,  hence  the  required  statistical  information  can  be  well  represented 
by  tabulations  of  the  median  values  and  standard  deviations.  Tables  I,  II  and 
III  list  these  parameters  for  the  b  distributions  for  Lcuchare ,  Thule  and  Fair¬ 
banks,  respectively.  Table  I V  lists  the  same  parameters  for  the  Ar^  distribu¬ 
tions  for  all  stations. 

A  distinct  seasonal  change  of  6  and  Ar  is  apparent  at  Leuchars,  with 
the  highest  values  occurring  during  the  summer  and  the  lowest  during  the  winter. 
This  is  caused  by  higher  N’s  during  the  simmer,  because  of  increased  moisture. 

At  Thule,  the  trend  is  reversed,  with  higher  values  occurring  in  winter.  This 
is  due  to  thicker  surface  ducts  being  built  up  during  the  long  winter  night. 
Because  of  low  temperatures,  the  moisture  increase  during  sunnier  is  too  small 
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to  be  effect  ire.  At  Fairbanks,  a  double  maximum  is  observed,  one  in  winter  and 
one  in  summer.  Since  this  station  is  located  almost  midway  (in  latitude)  be¬ 
tween  Leuchars  and  Thule,  it  is  reasonable  to  expect  that  the  winter  night  duets 
and  the  increased  summer  moisture  are  about  equally  effective  in  influencing  the 

6's. 


Extrapolation  to  Greater  Target  Heights 

In  order  to  combine  the  6's  at  heights  above  the  top  of  the  troposphere 
(arbitrarily  taken  to  be  300,000  ft),  one  must  first  compute  the  tropospheric  &'s 
at  the  desired  heights,  and  than  combine  these  values  with  corresponding  iono¬ 
spheric  6's. 


Since  the  tropospheric  computations  terminate  at  a  height  of  300,000 
ft,  we  require  a  method  of  performing  the  extrapolation  to  greater  heights  using 
the  information  at  300,000  ft.  One  can  show  from  the  geometry  of  tropospheric 
refraction  that  the  value  of  6^,  the  tropospheric  component  of  6  at  height  H,  is 
given  by: 


ft  _  - 1  /  t  ,  t  \ 

6H  "  °30 0  '*500  “  °300 


tan  -  tan 
tan  aH  -  tan 


(7a) 


r, 


~  5300  +  ^3 CO  "  63C0' 


(sin*‘o0  +  2H/a  ■»  n*/a^)^-(sin'"a  ♦  .028906 )2  j 
_(s in"a0  ♦  2il/a  +  if' /&  Y  -  sin  oQ 


(7b) 


where  srJbscr ipts  i>00  and  H  refer  to  the  values  of  the  various  parameters  at  the 
heights  of  300.000  feet  and  some  greater  height  H. 


Equation  7  may  be  derived  ir*  the  following  manner.  At  heights  above 
500,00-  fcei  ,equat j.cns  relating  y  and  b  reduce  to  (see  equation  12  and  14) 

£  =  y  -  (N^  -  N)  tan  c 


-  _  £  tan  g 
0  "  ten  a  -  tan  a 

o 


-  G  - 


ibove  300,000  feot  N  is  aaBumad  to  be  zero  and  we  can  write 
C300  =  6500  "  V1*”  °300 

6«  =  4o  ‘  *«/*“  «H 

h00  =  tan  /  (tan  a30Q  -  tan  aQ) 

6^  =  tan  aH  /  (tan  aH  -  tan  a0) 

Eliminating  Nq,  and  from  the  above  set  of  four  equations 

yields  (7a) 

Form  (7b)  is  obtained  by  noting  that 
(a  ♦  h)  cos  a  =  a  o 

and  using  appropriate  numerical  values  for  the  height  of  500,000  feet. 

At  ionospheric  heights  or  above,  Equation  7a  may  be  readily  evaluated 
with  the  aid  of  Figure  4. 

The  value  of  the  square  bracketed  torn  is  a  function  only  of  aQ  and  H, 

and  has  been  computed  for  heights  of  100,  50C,  1000  and  2500  n.mi.  for  a0's  of  0, 

10,  50,  100,  300  and  1000  railliradians. 

In  obtaining  the  values  of  6^  then,  the  distributions  of  63W  and  Y3qq 

were  plotted.  Since  6jC0  and  Yjqq  can  be  considered  to  be  well  correlated,  one 

£ 

obtains  the  median  value  of  6^  from  the  median  values  of  6^^  and  y^q. 
standard  deviations  were  nearly  the  same  for  both  of  these  quantities  in  all 
cases,  so  the  standard  deviation  of  fe|j  was  obtained  by  interpolation  of  the  stan¬ 
dard  deviations  of  hjQQ  and  Y^oq*  va^U0S  bjj  ftt  the  heights  and  ao‘s 

specified  above  are  tabulates  in  Tables  XVI,  XVII  and  XVIII  for  Leuchars,  Thule 
and  Fairbanks,  respectively. 


{ 

I 


Tropospheric  Ducts 

Table  V  shows  the  percentage  of  tote.1  radiosonde  ascents  in  which  strong 
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Burfaoe  N  gradients  (>45  N  units  /  1000  ft)  were  observed.  It  can  be  seen  that 
Leuchars  shows  a  definite  increase  in  occurrence  during  the  simmer,  while  Thule 
has  the  maximum  in  winter.  However,  the  occurrence  at  both  of  these  stations 
is  siall  compared  to  that  at  Fairbanks.  At  this  station  there  are  frequent 
trapping  gradients  during  winter  months,  and  a  marked  decrease  during  summer. 

Analyses  of  the  surface  duct  characteristics,  during  the  month  of  max¬ 
imum  occurrence,  were  made  at  each  station.  These  analysis  showed  that  the  ducts 
are  rather  thin  (under  500  ft  on  the  average)  and  that  relatively  few  of  them 
are  capable  of  trapping  radar  energy.  Table  VI  shows  the  numerical  results  for 
1955,  *50  and  ’5 7,  The  minimum  radar  frequency  which  is  trapped  at  each  station 
wps  determined  using  the  SfiA  trapping  criteria  for  thin  surface  ducts  shown  in 
Figure  3.  These  criteria  curves  were  derived  by  applying  S.  A,  Schelkunoff 's 
approximate  solution  to  the  wave  equation  to  exponential  surface  layers. ^ 

They  are  tne  only  suen  curves  union  nave  successfully  stood  the  test  of  exper¬ 
imental  confirmation.  In  Figure  3,  the  ordinaoe  is  the  height  h  of  the  top  of 
the  layer  and  the  abscissa  is  the  minimum  AB  reeded  for  trapping,  where  AB  = 

Nq  -  HpQp  -.012h.  To  use  the  curves,  plot  the  point  at  h  and  AB  corresponding 
to  the  layer  in  question,  if  the  point  lies  to  the  right  of  the  curve  for  a 
given  frequency,  that  frequency  will  be  trapped. 


He-distribution  of  Energy 

One  can  expect  that  for  the  percentages  of  time  listed  in  Table  ,r,  the 
lowest  lobe  of  the  radar  interference  pattern  (below  elevation  angles  of  0.5°) 
will  be  distorted  somewhat.  This  is  due  to  extraction  of  some  of  the  energy 
normally  contained  in  this  lobe  to  increase  the  fields  at  very  low  elevation 
angles.  The  effect  of  this  re-distribution  of  energy,  will  be  to  reduce  the 
detection  probability  for  targets  at  elevation  angles  somewhat  below  th»  max¬ 
imum  line  of  the  lowest  lobe.  The  energy  which  appears  at  angles  just  above 
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the  horizon  line  will  be  stronger  than  normal  in  these  cases,  but  it  will  still 
be  considerably  weaker  than  it  is  just  below  the  first  lobe  maximum  line,  so 
it  will  not  provide  increased  detection  probability  just  above  the  horizon.  It 
is  characteristic  that  under  near-trapping  conditions,  the  lobe  structure  in  the 
lowest  0.5°  is  quite  aratic  both  in  time  and  space.  Thus,  the  detection  proba¬ 
bility  under  such  conditions  may  be  expected  to  vary  considerably  and  will  In 
general  not  be  as  great  nor  as  predictable  33  it  is  under  more  normal  condi¬ 
tions. 

The  refraction  which  occurs  under  near-trapping  conditions  results  in 
an  outward  displacement  of  the  lobe  pattern,  such  that  the  lowest  lobe  will 
occupy  a  position  farther  out  than  usual.  This  will  increase  the  range  of  in¬ 
itial  detection  at  low  angles.  Since  the  lowest  lobe  is  displaced  more  than  the 
next  higher  one,  there  will  be  a. larger  gap  between  lobes,  but  one  can  conclude 
that  the  overall  initial  detection  probability  at  extreme  range  and  at  low 
elevation  angles  will  be  somewhat  improved,  although  the  precise  determination 
of  elevation  angle  will  deteriorate  because  of  the  large  fa  and  its  standard 
deviations  which  occur  under  these  conditions. 

Terrain  and  tea  Clutter 

Examination  of  the  surface  ducts  occurring  in  Jenuary  in  Fairbanks 
(strongest  ducting  conditions  found  in  t ho  analysis)  indicate  that  the  ducts 
present  will  cause  a  moderate  increase  in  clutter  range  during  the  percentage  of 
tine  listed  in  Table  VI.  Although  the  ducts  found  are  not  capable  of  trapping 
radar  energy  at.  frequencies  below  800  me,  the  attenuation  rates  in  near-trapping 
ducts  are  lover  for  frequencies  lower  than  thin  limit,  hence  one  can  expect  some¬ 
what  greater  extensions  in  clutter  range  at  400  me  than  at  1000  me.  If  one 
assumes  a  radar  capable  of  detecting  a  targow  of  1  sq  ft  radar  cross  section  at 
1600  n.mi.,  one  can  determine  the  detection  range  of  a  typical  terrain  feature 
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as  a  function  of  radar  wavelength  and  duct  characteristics.  Measurements  indicate 
that  a  steep  sided  mountain  face  2000  ft  high  and  30  miles  long  has  a  radar  cross 
section  of  about  77  db  above  1  sq  ft. 

Applying  measured  attenuation  rates  in  surface  ducts  to  the  ducts  found 
at  Fairbanks,  indicates  that  maximum  detection  ranges  of  the  above  type  of  moun¬ 
tain  face  will  be  about  300  n.mi,.  at  1000  me  and  350  n.mi.  at  400  me.  Fewer  cases 
of  extreme  ranges  will  be  found  however  at  400  me  than  at  1000  me  because  only  the 
thickest  ducts  will  give  maximum  ranges  at  <400  me,  whereas  at  1000  me,  the  range 
is  relatively  insensitive  to  duct  thickness  from  150  -  400  ft,  which  is  the  range 
of  heights  found.  Similar  analyses  were  carried  out  for  Thule  and  Leuchars,  and 
the  results  are  also  indicated  in  Table  VI.  It  can  be  seen  that  the  clutter 
effects  are  less  severe  at  these  stations  than  at  Fairbanks. 

Sea  clutter  will  be  no  problan  at  any  of  these  locations.  At  400  me, 
maximum  range  will  be  about  50  miles  or  less.  At  1000  me  one  can  expect  maximum 
sea  clutter  ranges  of  about  100  mi. 


( 
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SRA  Report  #68  describes  in  detail  a  simple  and  accurate  method  for 
computing  refractive  effects  of  the  tropoe  share  and  the  ionosphere.  A  brief 
review  of  this  method  and  its  application  bo  ionospheric  refraction  is  given,  bblov. 

As  pointed  out  in  the  previous  Bection,  a  ray  passing  through  a  layer 
bounded  by  heights  hj  and  h^  and  whose  index  of  refraction  varies  linearly  from 
and  n^,  is  refracted  by  a  small  angle  which  is  given  by 

2  (n<  -  i^) _ 


£ 


(8) 


(tan  Pj  *  tan  p^) 

where  p  =  ray  inclination  angle  as  determined  from  Snell's  law. 

The  contributions  to  y  due  to  the  passage  of  the  ray  through  other  layers  are 
directly  additive.  Thus  the  total  bending  y  in  milliradians  is  given  by 

JL_ 


y  (nr)  = 


(9) 


~  500  (tan  Pj^  *  tan  p^) 
where  N  =  (n  -  1)  x  106 

The  application  of  Equation  9  to  the  tropospheric  bending  has  already 
been  discussed.  Its  application  to  the  ionospheric  bending  is  essentially  the 
same  but  some  modifications  are  desirable.  In  the  case  of  the  ionosphere,  the 
refractlvity  N  is  a  negative  quantity  and  is  inversely  proportional  to  the  square 
of  the  signal  frequency.  It  is  given  by 


N1  =  -4.05  (N  /f2)  x  10 “6 

8/ 


(10) 


where 


=  electron  density  per  cubic  meter 
f  =  signal  frequency  in  megacycles 

The  superscripts  "i"  and  "t"  will  be  used  in  this  section  to  differ¬ 
entiate  between  the  ionospheric  and  the  tropospheric  quantities. 
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N*  is  also  a  function  of  the  Earth's  magnetic  field.  However  at  fre¬ 
quencies  above  100  me,  the  effect  of  the  terrestrial  field  on  refractive  bending 
is  negligible,  but  it  is  important  since  it  is  responsible  for  the  Faraday  rota¬ 
tion  of  the  plane  of  polarization.  More  will  be  said  about  this  later. 

In  the  case  of  the  ionospheric  banding,  the  minimum  value  of  p  even 
for  a  tangentially  departing  ray  (a0  =  0)  is  about  EDO  railliradians.  Under  these 
conditions  the  difference  between  the  ray  inclination  angles  of  the  refracted  and 
the  unrefracted  rays  is  very  small  such  that  very  little  error  is  introduced  if 
Equation  9  is  written  as, 


i 

Y 


(nr) 


-z 


K.J  -  K\ _ 

500  (tan  +  tan  c^) 


(11) 


The  limits  of  the  summation  are  the  bottom  edge  of  the  F  layer  and  the 
target  height.  The  number  of  terms  in  the  summation  that  are  required  to  approx¬ 
imate  an  analytic  model  of  the  ionosphere  is  surprisingly  small.  For  instance, 
for  the  case  of  a  parabolic  layer,  where  yi  can  be  evaluated  by  a  direct  (but 
tedious)  integration,  five  equal  steps  between  the  base  and  the  vertex  yield  y* 
which  agrees  within  a  small  fraction  of  one  percent  with  the  exact  value.  Evalu¬ 
ation  of  Equation  11  can  be  greatly  facilitated  by  the  use  of  Figure  4  which  is  a 
plot  of  500  tan  a,  corrected  for  tropospheric  refraction,  versus  height  for 
various  angles  of  elevation  in  milliradian3. 

The  refractive  bending  can  also  be  expressed  in  terms  of  the  angle  sub¬ 
tended  at  the  Earth’s  center  between  the  refracted  and  the  unrefracted  rays. 

This  angle,  e,  is  given  by 
e  =  6  -  (a  -  p) 


=  6  -  (N>  -  N)  cot  a 


(12) 


,  t  i 

where  e  =  e  ♦  e 

6  =  6t  +  61 
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NQ  =  surface  value  of  the  refract ivity 

N  =  value  of  the  refractivlty  at  the  target  height 

At  Infinite  distances  cot  a  approaches  zero  and  e  and  l  become  equal  to 
each  other.  For  computational  reasons  it  is  usually  convenient  to  split  Equation 
12  into  the  tropospheric  and  the  ionospheric  components. 

et  =  6t  -  N  cot  re  (13a) 

o 

tL  =  61  +  N1  cot  a  (15b) 

The  quantity  of  the  greatest  practical  interest  is  the  elevation  angle 
error  6,  which  can  conveniently  be  expressed  in  terms  of  e 

e  tan  a  4  e2/2 

6  = -  (14) 

e  4  tan  a  -  tan  a 

o 

Equation  (14)  is  an  alternate  form,  of  Equation  4.  The  details  of  the 
derivation  of  both  forms  are  given  in  SRA  6fc.  In  general  Equation  4  is  more 
convenient  for  low  angle  tropospheric  work.  At  greater  heights  or  higher  angles 
the  numerator  of  Equation  4  involves  subtraction  of  two  nearly  equal  terms  and 
therefore  the  form  of  Equation  14  is  preferable. 

It  should  be  noted  that  the  tropospheric  and  the  ionospheric  contri¬ 
butions  to  b  are  not  strictly  additive.  However,  in  nearly  all  practical  cases 
e/2  is  much  lees  than  tan  a  and  e  is  much  less  than  tan  o  -  tan  aQ,  so  that  only 
a  negligible  error  is  introduced  if  6  is  considered  to  be  directly  proportional 
to  e.  Tnis  approximation  if  extremely  convenient  since  it  permits  a  separata 
treatment  of  the  tropospheric  and  the  ionsopheric  6'o.  The  ratio  of  b/e  versus 
height  for  various  values  of  uq  is  plotted  in  Figure  5. 

The  range  errors  can  be  evaluated  by  a  method  analogous  to  that  used 
for  computing  y 
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1000  (ain  4  ain  c^) 

where  h  =  height  in  kilometers 
and  Ar1  =  range  error  in  meters 

The  accuracy  of  Equation  15  is  adequate  for  all  practical  purposes. 

For  layer  laminations  of  less  than  100  km,  end  a  tangentially  departing  ray, 
the  values  of  Ar*  are  within  5 %  of  the  exact  values.  For  thinner  laminations, 
(which  is  normally  the  case)  or  higher  angles  of  elevation,  the  agreement  is 
even  better.  Equation  15  can  be  readily  evaluated  with  the  aid  of  Figure  6, 
which  is  a  plot  of  1000  sin  a  corrected  for  tropospheric  refraction  versus  height 
for  various  angles  of  elevation  in  milliradians. 

Equation  15  also  offers  a  convenient  method  for  computing  the  Faraday 
rotation.  It  turns  out  that  the  nunber  of  rotations  of  the  plane  of  polariza¬ 
tion  is  very  nearly  proportional  to  Ar*.  Fcr  the  case  of  a  thin  layer  the  rela¬ 
tionship  between  the  Faraday  rotation  and  Ar^  is 

&  =  -2-saaJL  ai-5-  (is) 

\ 

where  Q  =  the  number  of  rotations  of  the  plane  of  polarization  for  a 
double  passage  through  the  layer 

6  =  the  angle  between  the  wave  normal  and  the  magnetic  field 
-  gyro  wavelength 

© 

Both  0  and  \  are  functions  of  position.  However  the  rate  of  change  of 
these  quantities  is  sufficiently  slow  so  that  F  region  values  of  these  parameters 
may  be  treated  as  constants  applicable  to  the  entiro  path.  This  point  will  be 
discussed  in  more  detail  in  the  section  dealing  with  Faraday  rotation. 


< 
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Ionospheric  Model 

For  the  purpose  of  computation  of  refractive  effects  from  ionosonde 
data,  it  was  necessary  to  postulate  a  model  of  the  ionosphere  which  would  approx¬ 
imate  the  observed  data.  The  normally  available  data  contain  information  from 
which  one  can  obtain  the  height  of  the  base  of  the  layer,  hfl,  the  height  of  the 
maximum  electron  density,  h^,  and  the  critical  frequency  of  the  layer,  fQ.  It 
is  therefore  desirable  to  choose  a  model  which  has  three  degrees  of  freedom  and 
is  also  in  accord  with  available  experimental  data  regarding  the  electron  den¬ 
sity  profiles. 

The  shape  of  the  ionospheric  electron  density  profile  below  the  max¬ 
imum  can  be  fairly  well  approximated  by  a  parabolic  distribution.  The  shape  of 
the  profile  above  the  region  of  the  maximum  density  is  virtually  unknown.  It  is 
believed  that  the  electron  density  above  the  peak  of  the  F  region  does  not  fall 
off  as  rapidly  as  it  might  have  been  expected  from  the  Chapman  distribution.  Also, 
the  Faraday  rotation  experiments  indicate  that  the  total  electron  content  above 
the  maximum  density  is  about  three  times  as  large  as  below  it.  Using  these  facts 
the  following  model  was  selected. 


Nq/Nq  =  1  -  (1  -  of  0  £  cr  £  1 

=  sech  t  n  (cr  -  l)  a  2.  1 
where  N@  =  electron  density  per  cubic  meter 
Nq  =  maximum  density 
a  =  (h  -  ho)/  ym 

ym  =  half  thickness  of  the  parabolic  layer 

=  h  —  h 
m  o 

h  =  height  above  the  ground 

hQ  =  height  of  the  base  of  the  layer 

=  height  of  the  maximum  electron  density 


(17) 
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This  model  has  the  following  desirable  characteristics.. 

a.  The  model  has  three  degrees  of  freedom,  (h  ,  y  and  N  , )  which  can 

o  m  in 

be  obtained  from  ionogramic  data.  These  parameters  uniquely  specify 
the  entire  distribution. 

b.  The  distribution  is  parabolic  below  the  maximum  density,  nearly 
twice  as  thick  parabolic  immediately  above  the  maximum  and 
exponential  at  great  heights. 

c.  The  electron  content  of  the  distribution  above  the  maximum  is 
three  times  that  below  it. 

d.  The  entire  electron  density  profile  and  its  derivative  are  con¬ 
tinuous  everywhere. 

Figure  7  ia  a  plot  of  the  ionospheric  model.  The  heights  of  the  base, 
the  maximum  density  and  the  point  of  interest  define  a,  and  the  ionospheric  N1 
unit  is  obtained  from 

N1  =-i  (Ne/  Mn)  (fc/  f)2  x  106  (18) 

where  f  =  critical  frequency  of  the  layer 
c 

4  -6 

-  8.97  N^2  x  10  megacycles 

f  =  signal  frequency  in  megacycles 

The  h  ,  h  and  f  parameters  refer  to  the  F  Layer, 
o  m  c 

In  this  report  tho  refractive  effects  of  the  D  and  S  layer  are  not 
singled  out.  The  reason  for  this  is  that  they  are  quite  small  in  comparison  with 
those  due  to  the  F  layer  and  are  approximately  accounted  for  by  allowing  the  elec¬ 
tron  density  at  the  bottom  edge  of  the  F  layer  to  be  zero.  Furthermore,  the  shape 
of  the  electron  density  profile  above  the  maximum  is  not  too  well  known  and  since 
this  region,  as  far  as  the  refractive  effects  of  the  ionosphere  are  concerned,  is 
probably  much  more  important  than  the  D  and  E  layers,  it  was  felt  that  the  intro- 
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duction  of  a  sore  complicated  ionospheric  model  was  not  justifiable. 

Operational  Procedure 

Using  the  computational  method  described  and  assuming  the  ionoephario 
model  of  the  previous  section,  the  elevation  angle  error,  6^,  and  range  retard¬ 
ation  Ar''“  were  computed  for  a  variety  of  layer  heignts  and  thicknesses.  Since 
the  magnitude  of  these  effects  is  proportional  to  the  square  of  the  ratio  of 
critical  to  signal  frequencies,  it  was  convenient  to  normalise  the  magnitude  by 
assuming  the  critical  frequency  of  1  me  and  signal  frequency  of  100  me. 

Figures  8-11  are  plots  of  normalised  6*  for  various  layer  configu¬ 
rations.  Computations  were  carried  out  for  angles  of  elevation,  a  of  0,  100, 

300  and  1000  milliradians  and  target  heights  h,  of  300  and  1000  n.miles.  Since 
above  1000  n.miles  the  ionosphere  effects  are  presumably  negligible,  6*  for 
this  region  may  be  readily  obtained  from  Figure  5  by  noting  that  beyond  the 
layer  1s  constant. 

Figures  12-15  are  plots  of  normalized  Ar1  for  c^'e  of  0,  100,  500 
and  1000  milliradians.  Above  1000  n.miles  Ar*  is  assumed  to  remain  constant. 

For  elevation  angles  greater  than  1000  mr,  Ari  is  very  nearly  proportional  to 
,e6  coc  a,  where  a  is  determined  in  the  F  region.  At  vertical  incidence  esc  a 
is  equal  to  unity. 

From  Figures  8  through  15,  6*  and  Ar*  can  be  readily  obtained  if  the 
ionospheric  parameters  are  given.  This  procedure  becomes  exceedingly  tedious  if 
it  Is  employed  on  a  large  amount  data.  The  following  alternate  procedure  has  been 
adopted.  Since  the  accuracy  of  the  data,  as  well  as  that  of  the  ionospheric 
model  is  limited,  very  little  is  lost  if  &1  and  Ar*  are  quantized  in  10%  steps. 
Thus,  for  a  given  combination  of  hQ,  ya,  aQ  and  the  target  height  an  integer 
"p"  is  defined  sc  that  normalized  61  (or  Ar*)  is  approximately  equal  to  l.lp. 
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For  *  fixed  value  of  ao  and  a  target  height  h,  a  matrix  of  "p"  can  be  constructed 

where  rows  and  columns  represent  equal  values  of  hQ  and  yD  with  10  km  increments. 

Similarly,  an  integer  "q"  is  defined  ao  that  f  8  =  1.1^,  The  total  A1  (or  Ar1) 

o 

is  then  approximately  equal  to  1.1*™*.  This  method  is  particularly  convenient 
since  the  values  of  p  rang  j  from  about  -5  to  +25  and  those  of  q  from  about  5  to 
60  such  that  for  any  one  ionogram  where  hQ,  y^  and  fQ  are  known,  p  +  q  can  be 
obtained  immediately.  Since  it  is  preferable  to  plot  fc1  (or  Ar*)  on  a  logarithmic 
scale,  p  +  q  can  be  plotted  directly  on  an  appropriate  linear  scale  and  thus 
minimise  data  handling  problems. 

It  was  also  found  that  over  a  considerable  range  of  hQ  and  y^ratioe 
of  6 *  and  Ar*  as  computed  for  aQ  =  0  to  those  at  other  elevation  angles  remain 
reasonably  constant.  Since  at  any  one  location,  tine  of  day  and  year  the  values 
of  hQ  and  y^  from  day  to  day  do  not  differ  appreciably,  very  little  error  is 
introduced  by  computing  5*  and  Ar*  for  the  case  of  aQ  =  0  and  scaling  them  to 
other  angles  of  elevation  by  multiplying  by  an  appropriate  factor  based  on  the 
average  values  of  h  and  y  .  The  statistical  parameters  obtained  by  this  method 
were  spot  checked  against  those  obtained  using  the  more  accurate  but  much  more 
time  couuming  procedure  and  the  agreonent  was  found  to  be  within  a  few  percent. 


Reduction  of  Data 

As  stated  in  the  introductory  remarks,  one  of  the  aims  of  this  invest¬ 
igation  was  to  obtain  statistical  information  on  elevation  angle  and  range  errors 
at  three  different  locations;  Inverness  or  Leuchars,  Scotland;  Thule,  Greenland; 
and  Fairbanks,  Alaska.  Since  ionospheric  parameters  are  subject  to  vide  fluctu¬ 
ations,  it  was  necessary  to  select  representative  situations  and  group  them  in 
-  some  logical  fashion.  The  three  most  important  parameters  are  the  3un-apot  cycle, 
the  seasonal,  and  the  diurnal  variations.  In  order  to  keep  the  amount  of  detailed 
(  analysis  down  to  a  reasonable  amount  and  still  obtain  meaningful  results,  it  was 

decided  that  the  analysis  would  be  carried  out  for  March,  June,  September  and 
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December  of  1954  aad  1957.  Those  two  years  represent,  respectively,  low  sod  high 
sunspot  activity.  Sinoe  there  is  no  1954  data  available  for  Thule,  the  data  for 
Resolute  Bay,  Canada  ware  used  Instead.  Thule  and  Resolute  Bay  lie  in  reasonably 
comparable  geographic  and  gecnagnetio  latitudes  and  thus  ionospheric  data  from 
the  two  locations  are  similar. 

Three  types  of  ionospheric  data  were  used  to  obtain  the  statistical 

Information  on  elevation  angle  and  range  errors.  Those  were, 

a.  55  nn  lonogrenic  f  11* 

b.  Detailed  ionospheric  tabulation  from  the  U  S  and  the  Canadian 
operated  ionospheric  stations 

c.  Detailed  ionospheric  tabulations  Aram  the  British  operated 
ionospheric  stations. 

The  problem  was  to  obtain  from  this  date  the  parameters  of  the  approximating 
parabolic  distributions. 

The  British  data  which  were  used  to  obtain  information  on  Inverness 

during  1954  and  the  first  half  of  i.957,  wore  already  tabulated  in  term  of  the 

parabolic  parameters  obtained  by  the  Applet on -Beynon  method.  Consequently, 

aside  from  a  magnetic  correction  which  ia  described  later);  the  reduction  of  the 

British  data  was  quite  straightforward. 

The  American  and  the  Canadian  tabulations  posed  more  of  a  problem  sinoe 

the  approximating  parabolic  parameters  bad  to  be  computed  indirectly  Am  the 

listings  of  the  h'f  aad  the  M  (5000)  Fg  parameters.  The  details  of  this  procedure 

are  described  in  SRA  Report  #80,  but  every  brief  reevn4  is  given  below.  It  has 

(2) 

been  shown  by  Shimasaki  that  there  ia  a  very  good  one-to-one  correspondence 
between  the  M(5000)Fg  factor  end  the  hB»  One  might  also  expect  that  sines  h  F 
sod  hQ  represent  the  height  of  the  bottom  edge  of  the  F  layer,  herring  a  serious 
retardation  in  the  £  region,  the  two  quantities  should  be  identical,  if  the  layer 
were  truly  parabolic.  Unfortunately  this  ia  not  the  case.  In  general,  there  le 
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a  difference  between  the  two  and  this  difference  is  due  primarily  to  the  fact  that 
the  approximating  parabolic  distribution  is  derived  on  the  basis  of  the  best  fit, 
in  the  region  of  the  greater  eleotron  density.  It  is,  however,  reasonable  to 
expect  that  fluctuations  in  one  quantity  should  be  approxinately  equal  to  the 
fluctuations  in  the  other.  It  was  noticed  from  the  examination  of  the  British 
tabulations  that  at  higher  latitudes  the  average  value  of  yffi  was  reasonably  in¬ 
sensitive  to  change  in  location.  Thus  a  correction  to  h'F  for  obtaining  hQ  was 
specified  by  requiring  that  the  average  value  of  yffl  at  a  particular  time  should 
correspond  to  the  value  observed  at  the  British  static  ns.  The  results  using  this 
procedure  appeared  to  compare  quite  well  with  the  results  obtained  from  the  ex¬ 
amination  of  the  35  mm  film.  This  particular  procedure  was  used  for  the  following 
data:  1954  Fairbanks  and  Resolute  Bay;  1957  Thule;  March  and  June  1957  Fairbanks; 
and  September  and  December  1957  Inverness.  The  reason  for  using  this  method  on 
the  Inverness  data  was  that  starting  with  the  IGY  the  British  began  to  tabulate 
their  data  in  terms  of  the  h'F  and  the  M(5000)  Fg,  The  remaining  (and  inciden¬ 
tally  the  most  important)  par am a ter,  the  critical  frequency  of  the  F  layer,  is 
tabulated  by  both  the  British  and  the  American  sources. 

The  35  mm  ionogramic  film  data  were  used  to  reduce  September  and  Decem¬ 
ber  1957  Fairbanks  data.  The  procedure  used  was  a  hybrid  between  the  Appleton- 
Beynon  and  the  modified  Kelso  methods.  Essentially  what  was  done  was  to  reduce 
the  ionogram  into  the  best  fitting  parabolic  distribution  bv  the  use  of  the 
Appleton-Beynon  method  and  then  to  apply  a  magnetic  correction  which  was  obtained 
in  the  following  manner. 

Using  the  no-field  vertical  heights  of  idealized  parabolic  distributions, 
which  fits  surprisingly  well  more  than  80$  of  ionograms,  true  height  profiles 
were  obtained  by  the  use  of  the  modified  Schmerling-Kelso  coefficients  as  pub¬ 
lished  in  the  NBS  Report  #6031. ^ ^  The  resulting  true  height  distributions  were 
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then  fitted  into  parabolie  curves  and  the  differences  between  the  original  and 
the  modified  parabolic  parameters  wars  tabulated  as  a  function  of  layer  height, 
thickness,  and  critical  frequency.  It  was  found  that  the  main  effect  of  the 
magnetic  correction  was  to  reduce  the  no-f ield  value  of  y^  by  30,  25  or  20% 
depending  whether  the  critical  frequency  was  less  than  4.5  me,  between  4.5  and 
8.0  me  or  greater  than  8.0  me.  This  very  simple  rule  of  thmb,  which  was  also 
used  to  correct  the  tabulated  data,  results  in  the  maximum  error  in  y_  of  *8  km. 

m 

Ionospheric  Elevation  Angle  Error  at  Finite  Heights 

A  rather  interesting  phenomenon  can  be  seen  if  fc1  is  plotted  versus  aQ 
for  a  variety  of  target  heights;  h,  as  shown  in  Figure  16.  For  all  finite  target 
heights  the  slope,  d6i/^ao  is  positive  for  small  aQ.  Far  target  heights  of  200 
or  300  n. miles  the  value  of  maximum  6^  occurs  between  100  and  200  milliradians 
and  is  about  1056  higher  than  the  value  at  zero  elevation  angle.  Due  to  the 
obvious  implications  that  this  type  of  behavior  would  have  on  tracking  problems, 
this  phenomenon  was  investigated  in  some  detail. 

If  it  is  assumed  that  the  ionosphere  consists  of  a  layer  defined  by 
heights  h^  and  hg  and  whose  reflectivity  decreases  linearly  from  zero  to  -Jl^f  , 
it  follows  from  equations  11,  12  and  14  that 

,  (tan  a,  -  tan  a.) 

61  - - LJ - 2 - 1 - -  (19) 

(tan  Og  *  tan  a^)  (tan  otg  -  tan  aQ) 

where  subscripts  1  and  2  refer  to  the  value  of  the  parameters  at  the  base  and  the 
top  of  the  layer. 

It  was  shown  by  L.  Colin  of  R.A.D  C.  that  when  equation  19  is  differ¬ 
entiated  with  respect  to  aQ  and  evaluated  for  the  special  case  of  aQ  equal  to 
zero  the  result  is 

&L. 

**0 
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e  tan  q-^ 

ae  =  0  (e1  ♦  tan  c^)2 
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Since  £*■  is  always  a  positive  quantity  it  follows  that  the  slope  of  6*  at  finite 

heights  evaluated  at  a  =  0  must  always  be  positive.  On  the  other  hand,  the 

o 

tropospheric  counterpart  of  equation  20,  equation  21  is  always  negative. 


where 

and 


da 


-2N  x  10 
_ o _ 


0  (e1  ♦  tan  a,)2 

o 
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Nq  =  surface  refract ivity 


Op  =  inclination  angle  at  the  top  of  the  troposphere. 

Colin  estimated  that  under  typical  conditions  the  signal  frequency 
would  have  to  be  below  20  or  30  me  before  the  initial  slope  of  the  total  &  be¬ 
comes  positive.  This  does  not,  however,  preclude  the  possibility  of  a  hump  or  a 
shoulder  in  6*  vs  aQ  at  higher-  frequencies  at  angles  of  elevation  greater  than 


zero. 


To  determine  the  vaiue  of  aQ  at  which  ft1  is  maximum,  equation  19  is 
differentiated  with  respect  tc  aQ  and  the  derivative  is  eet  equal  to  zero.  The 
resulting  expression  is  quite  complicated  but  it  can  be  greatly  simplified  if  it 
is  assumed  quite  correctly,  that  the  required  value  of  aQ  is  small.  Under  these 
conditions  the  following  approximations  can  be  made. 

sin  2  a 2  1  sin  2  =  2  3in  (og  ♦ 

ar.d  sin  2  a «  -  sin  2  a  =2  sin  (a„  -  a  ) 

c  0  CO 

The  resulting  expression  for  a0  at  which  6^  is  maximum  is 

%  =  [ (f> 2  ‘  &Z)  '  (4P2  -  a2>]  *  (22) 

where  aQ  =  elevation  angle  in  radians 
a  =  Earth's  radius 

p  =  distance  from  the  Qarth'n  center  to  the  bate  of  the  layer 
For  typical  F  region  parameters  one  might  expect  maximum  elevation 
angle  error  due  to  the  ionospheric  refraction  at  ionospheric  target  heights  to 
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occur  between  100  and  200  milliradiaos. 

Figure  16,  which  la  a  plot  of  6*  va  a  for  the  such  more  realistic 
models  of  the  ionosphere  shown  In  Figure  7,  is  In  good  agreement  with  the  rough 
estimate  of  Equation  22. 

Figure  17  is  a  plot  of  Ar*  vs  aQ  for  several  different  ionospherio 
models  and  target  heights.  Unlike  6*,  the  range  error  continuously  decreases 
with  an  increase  in  the  elevation  angle. 

Faraday  Rotation 

It  was  shown  in  5RA  Report  #68  that  the  number  of  rotations  due  to  the 
Faraday  rotation  is  very  nearly  proportional  to  the  ionospheric  range  error,  Ar1. 
It  is  given  by 

=  2  \  cob  0  At1  (25) 

ft 

where  U  -  number  of  rotations  due  to  a  double  passage  through  the  ionosphere 
9  »  angle  between  the  magnetic  field  and  the  direction  of  propagation 
X.  =  gyro  wavelength  in  met or b 

ft 

=  1D7/B 

B  s  Intensity  of  the  Hhrth’e  magnetic  field  in  gauss 
Ar*  =  range  error  in  meters 

The  value  of  X.  and  0  vary  sufficiently  slowly  along  a  path  so  that  little  error 

ft 

is  introduced  if  they  are  treated  as  constants  based  on  the  F  region  values. 

For  target  heights  within  the  ionosphere,  these  constants  ware  evaluated  at 
500  km  height  and  for  target  heights  above  the  ionosphere  the  values  are  based 
on  the  500  km  height. 

Table  VII  lists  the  values  of  2  \  cos  0  for  a  variety  of  azimuths  and 
elevation  angles,  at  the  three  sites.  The  magnetic  field  orientation  was  assumed 
to  be  the  same  as  on  the  surface  and  the  intensity  was  assumed  to  be  inversely 
proportional  to  the  cube  of  the  distance  from  the  Earth’s  center.  This  table  has 
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to  be  wed  la  conjunction  with  corresponding  ArA  tables  (XII  through  XV).  For 
example,  at  Fairbanks  in  midday  December  1957  at  elevation  angle  <tq  »  100  mr, 
target  height  500  n.mi.,  asiauth  +  50°  (measured  East  from  true  North)  and 
signal  frequency  100  sc,  the  expected  median  number  of  rotations  of  the  polar¬ 
isation  plane  for  a  double  passage  through  the  ionosphere  is 

(3.44  x  1 03)  (2.30  x  10”8)  =  7.9  rotations 

Interpretation  of  Ar*  and  t>*  Distribution  Plots 

The  distributions  of  £r^  and  for  zero  elevation  angle  and  a  target 
height  of  1000  n.mi,  are  shown  in  Figures  18  through  21.  These  figures  are  plots 
of  the  number  of  points  with  a  given  error  at  100  me  (horizontal  scale)  as  a 
function  of  time  of  day  (vertical  scale)  for  each  station-month  analyzed. 

These  distribution  plots  show  the  following  interesting  characteristics 

a.  When  there  is  a  diurnal  variation  it  is  strmgest  in  December  and 
weakest  in  June. 

b.  The  shape  of  the  diurnal  variation  is  the  seme  throughout  the  sun¬ 
spot  cycle,  but  the  values  of  the  errors  ar.;  approximately  five 
times  as  great  during  the  sunspot  maximum  a;,  during  the  3unspot 

minim  tm. 

c.  The  diurnal  variation  is  greatest  at  the  station  farthest  from 
the  geomagnetic  pole  and  almost  non-existent  near  the  pole. 

d.  The  relative  spread  of  values  at  any  one  hour  is  greater  during 
the  night  time  hours  than  during  the  daylight  hours  and  is 
larger  near  the  pole  than  away  from  the  pole. 

e.  The  diurnal  variation  may  exceed  an  order  of  magnitude. 

Of  the  three  factors  which  affect  the  magnitude  of  6*  and  the  critical 
frequency  of  the  layer  appears  to  be  the  most  dominant.  It  is  for  this  reason 
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that  the  diurnal  shapes  of  &1,  and  Ar*  aro  quite  alailar.  The  aeoond  factor 
which  influence*  the  magnitude  of  the  error  is  hQ.  The  lower  the  layer  the  more 
oblique  la  the  angle  of  eatranoe  into  the  layer  and  eonaequenrtly  the  greater  the 
error.  The  third  factor,  jk,  has  a  greater  effect  on  Arl  than  6*. 

In  general  the  critical  frequency  has  a  more  pronounced  diurnal  vari- 
atlon  in  winter  than  in  a  lamer,  la  greater  at  Inrerneea  than  at  Thule,  and  in 
generally  higher  during  the  peak  of  the  aunspot  cycle  than  at  its  minimum.  How¬ 
ever,  the  effect*  of  h  on  and  Ar*-  oannot  be  neglected.  In  December ,  h  de- 

o  o 

oreaaea  during  the  day  and  increases  at  night  approximately  in  phase  with  fQ. 

The  oombination  of  effects  greatly  accentuates  the  diurnal  variation  in  6*  and 

At*.  In  June,  hQ  la  approximately  constant,  but  the  variation  which  does  occur 

is  in  such  a  direction  as  to  partially  cancel  out  the  smaller  effects  of  f  , 

c 

resulting  in  almost  no  diurnal  variation  of  6*.  The  variations  in  y_  have  a 

m 

similar  effect  on  At*. 

This  behavior  is  moat  clearly  illustrated  by  means  contours  of  constant 

6l  end  At*  plotted  versus  time  of  day  and  year.  These  contours,  shown  in  Figures 

22,  28  and  24  have  been  prepared  by  taking  the  monthly  mean  values  of  h  ,  y  and 

o  ID 

the  critical  frequency  of  the  F  layer  and  computing  ft*  and  Ar1"  for  the  case  of 
zero  elevation  angle  and  1000  n.  mile  target  heights. 

The  diurnal  variations  are  most  accentuated  at  Inverness  and  during  the 
winter  months.  A  three  dimensional  pictorial  representation  gives  a  "hill"  in 
midday  winter  and  a  valley  during  the  winter  night.  During  the  simmer,  diurnal 
variation  is  almost  nonexistent.  Fairbanks  displays  a  similar  situation  but  it 
is  lea 8  pronounced.  The  Situation  at  Thule  ie  very  po o?.y  daf'nad.  Figure  2,2 
is  a  contour  plot  of  6^  and  £r*  for  Inverness  during  19E4,  The  overt .11  rbtoa 
is  quite  similar  to  that  of  1957  although  the  magnitudes  are  very  much  smaller. 

An  interesting  point  about  these  contours  is  a  tendency  for  a  second  minimum 
whioh  occurs  at  0500  in  September.  Both  the  1954  and  the  1957  data  exhibit  this 
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behavior.  The  reason  for  this  not  clear 


Explanation  of  Tables  for  6*  and  Ar* 

“  The  distribution  plots  of  b*  and  Ar*,  Figures  18  thru  21,  show  &  pro¬ 
nounced  diurnal  trend  on  most  of  then.  Because  of  this  diurnal  behavior ,  it  was 
thought  advisable  to  split  the  day  into  parts  in  order  to  arrive  at  more  mean¬ 
ingful  means  and  standard  deviations.  The  procedure  was  to  choose  a  few  hours 
around  the  maximum  which  appeared  fair'iy  homogeneous  for  one  part,  a  few  hours 
around  the  minimum  for  a  second  part,  and  the  remaining  hours  for  the  third  part. 
In  the  ease  of  Thule  and  Resolute  Bay,  which  showed  no  pronounced  diurnal  be¬ 
havior,  the  entire  day  was  lumped  together.  Since  it  was  found  that  most  of  the 
distributions  obtained  in  this  manner  are  approximately  normal  distributions, 
they  were  plotted  on  probability  paper.  From  such  plots  the  medians  and  standard 
deviations  were  obtained. 

The  results  are  given  in  Tables  VIII  thru  XV,  where  the  medians  and 
standard  deviations  a,  of  these  distributions  are  given  as  a  function  of.eleva- 
_  t Ion  angle,  aQ,  .target  height,  h,  station,  year,  month  and  time  of  day.  These 
results  are  for  a  Signal  frequency  of  100  mcs.  To  find  the  value  of  the  error 
at  any  other  frequency  these  values  must  be  divided  by  the  square  of  the  fre¬ 
quency  in  hundreds  of  megacycles. 
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As  previously  stated,  both  the  ionospheric  and  tropospheric  distri¬ 
butions  of  b  and  Ar  are  approximately  normal.  Furthermore,  under  the  S3 3 cap¬ 
tions  made,  the  tropospheric  b^’s  and  Ar^’s  and  the  ionospheric  b*'s  and  Ar^s 


.(S) 


are  additive. 

From  the  elementary  theory  of  probability vw/  it  can  be  shown  that  the 
sum  of  two  independent  normal  distributions  iB  itself  a  normal  distribution  with 

U  =  u  +  u 
A*B  A  B 

,2  2.  i 

°A*B  =  (0A  +  aB  } 

where  \i  =  median 

a  =  standard  deviation 

Subscripts  A,  B  and  A  +  B  refer  to  the  separate  and  the  combined 
distributions. 

Consequently,  to  obtain  the  statistics  of  the  combined  tropospheric 
and  ionospheric  effects  it  1b  only  necessary  to  add  the  individual  medians  to 
find  the  median  value  of  the  combined  effects,  and  take  the  square  root  of  the 
sum  of  the  squares  of  the  individual  standard  deviations  to  obtain  the  standard 
deviation  of  the  combined  effects.  This  has  bean  done  for  a  few  of  the  more 
significant  cases  covered  in  this  study.  The  extreme  results  are  shown  in 
graphical  form  in  Figures  25  thru  28,  which  are  plots  of  the  mean  and  standard 
deviation  of  6  at  Inverness  for  the  months  of  December  and  June  as  a  function  of 
aQ  with  frequency  as  a  parameter  for  a  given  target  height.  The  tropospheric 
distributions  of  for  target  heights  of  100,  300,  1000  and  2500  n.mi.  are  tab¬ 
ulated  in  Tables  XVI,  XVII  and  XVIII.  These  distributions  were  made  by  month 
and  station  only,  since  no  significant  diurnal  variations  occurred. 
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Tables  XU  thru  XXIX  give  the  combined  results  at  100  mo  and  400  me  for 
the  extremes  (December ,  day  and  night)  and  for  a  more  normal  situation  (June)  for 
each  site  in  1957,  In  addition,  the  same  results  are  given  for  Inverness  for  the 
year  of  1954.  The  combined  results  at  all  sites  are  clone  to  the  tropospheric 
valuee  even  at  a  signal  frequency  of  100  me  in  1954. 

As  an  example  of  the  procedure  for  combining  components,  let  us  find 
the  combined  elevation  angle  error,  6,  at  Fairbanks,  for  December  1957  noon  for 
a  target  height  of  500  n.mi.,  an  elevation  angle  of  10C  mr  and  a  signal  fre¬ 
quency  of  100  mo. 

looking  at  Tablee  XVIII  and  X  we  find 
t 

median  b  =  £.84  mr 

median  b*  =  5.58  or 
t 

a  =  .18  mr 
a*  =  2.25  mr 

The  median  value  of  the  combined  b’s  is  2C84  +  5.38  =  8.22  mr,  and 
the  combined  standard  deviation  is  f(.18)^  +  (2.25)'”J  ^  -  2.26  mr. 
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The  following  is  a  detailed  illustration  of  the  operational  procedures 

which  nay  be  used  to  ooapute  refractive  elevation  angle  error,  range  error  and 

the  Faraday  rotation  from  available  radiosonde  and  ionogramic  date. 

A  typical  radiosonde  ascent  was  selected  as  an  example.  This  data, 

as  well  as  point  by  point  computation  of  tropospheric  bending  y^,  and  the 

elevation  angle  error  6^,  is  shown  in  Table  XXX. 

The  first  and  second  columns  list  the  value  cf  N  as  a  function  of  h 

as  found  from  the  radiosonde  data.  Columns  three  and  four  give  the  values  of 

Hq  -  and  Nj  -  1^  at  various  heights.  Columns  five  and  six  give  the  values 

of  5C0  tan  B  for  o  *s  of  0  mr  and  300  mr  at  those  heights.  The  values  of  500 
r  o 

tan  p  have  been  obtained  from  Figure  2.  The  detailed  procedure  for  the  use  of 

Figure  2  is  given  in  the  section  on  tropospheric  refraction.  These  values  are 

combined  to  give  the  values  of  Ay  given  in  the  seventh  and  eighth  columns.  The 

Ay's  are  then  summed  to  give  the  values  of  y  givon  in  the  ninth  and  tanth  columns 

Table  XXX  also  lists  the  steps  used  to  find  6  from  y  at  target  heights  of  10  S  ft 

50  K  ft  and  300  K  ft  respectively  at  the  two  elevation  angles. 

As  explained  in  the  tropospheric  section,  these  o's  must  be  extended 

to  greater  heights  in  order  to  combine  with  the  ionospheric  6’s.  To  do  this  we 

t 

must  use  the  expression  for  given  in  the  tropospheric:  section, 


6H  =  6300  * 


^500  "  6300^ 


tan  qH  -  tan 
tan  cu  -  tan  c 

n  O 


The  total  tropospheric  range  error  Ar  in  this  case  is 

n2 


&rt  = 


.000156  (313. 1)“ 


sin  a  ♦  (sin  a  ♦  ,001879) 

o  o 


r~ 


15.5 

ft  sin  a  *  (sia^a  +  .001879)^ 

^  o  o 

For  a0  *  0;  Ar*1  =  508  ft,  and  for  aQ  =  500  mrj  Ar^  =  22  ft. 

The  reduction  of  the  ionospheric  data  requires  some  knowledge  of  ionogram 
interpretation.  This  subject  is  treated  in  detail  in  a  mmber  of  different  places. 
An  excellent  introductory  treatment  may  be  found  in  Vol'.  3  pt.  I  of  the  Annals 
of  the  International  Geophysical  Year  (Perganon  Press  1S57).  For  the  purpose  of 
this  illustration  a  few  very  brief  remarks  will  he  made. 

The  ionogram  shown  in  Figure  29  is  essentially  a  plot  of  virtual  height 
of  reflection  versus  frequency.  The  virtual  height  is  defined  as  the  height  that 
the  radio  pulse  would  have  reached  had  it  travelled  with  a  free  space  velocity. 

Due  to  the  Earth's  magnetic  field,  the  signal  upon  entering  the  ionospheric 
layer  splits  up  into  two  elliptically  polarized  components  with  opposite  sense 
of  rotation  and  slightly  different  signal  velocities.  These  components  labelled 
0  and  X  are  called  the  ordinary  and  the  extraordinary  components.  The  critical 
frequency  is  the  minimum  frequency  at  which  the  signal  penetrates  the  ionospheric 
layer  and  the  virtual  height  becomes  infinite.  In  the  illustration,  the  critical 
frequency  of  the  ordinary  component  is  10.4  me.  The  trace  in  the  500  to  700  '.cm 
region  is  a  double  reflection.  The  trace  between  600  and  900  km  and  in  the 
vicinity  of  5  me  is  an  interfering  signal. 

To  obtain  the  approximating  parabolic  parameters  (bj  the  Appieton- 
Beynon  method)  we  plot  virtual  height  versus  the  parameter  (p(f/fc)  which  is 
defined  by 

1  ♦  f/fc 

<p (f/fc )  =  ir  (f/fc)  In -  (24) 

1  -  f/fc 

where  fc  is  the  critical  freqiency  of  the  ordinary  component. 
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1  Wimwy#.  • 


\ 


If  the  electron  profile  were  truly  parabolic  the  plot  of  virtual  height 
h*  versus  <p (f/f o )  would  result  in  a  straight  line  given  by 
h'  =  h  +  y  <p(f/fc) 

U  uX 

The  details  of  the  io no gram  reduction  are  given  by  the  following  table. 


f/fc 

.648 

.725 

.757 

.854 

.887 

.901 

.925 

<p  (f/fc) 

-]/2 

-1/3 

-1/4 

0 

1/4 

1/3 

1/2 

h» 

270 

280 

290 

305 

350 

340 

350 

ftrom  the  plot  of  <p( f/fc)  vs  h1  shown  in  Figure  29  and  Equation  24 

we  obtain  y  =  85  km  h  =  225  km. 
m  o 

Since  the  critical  frequency  is  greater  than  8  me,  the  magnetic  cor¬ 
rection  for  y  is  20%  and  the  corrected  values  are 
y  =  68  km 

h  =  225  km 
o 

Using  figures  8,  10,  12  and  14,  we  find  the  values  of  normalised  fe1 


aX 

■h 

normalised  fc1  (mr) 

300  n.mi.  1000  n.ni. 

normalized  Ar1  (meters ) 
300  n.rai.  1000  n.mi. 

o> 

0 

\ 

mr 

.041 

.042 

S45 

269 

300 

mr 

.037 

.02c-8 

190 

205 

Since  the  critical  frequency  is  10.4  me  and  assumed  signal  frequencies 
are  100  and  400  me,  the  factors  by  which  the  normalised  parameters  hi-vc  to  be 
multiplied  are  (10.4/1)2  ( 100/ 100) 2  and  (10.4/1)2  (ino/400)2  roapect-vely. 

The  results  are : 


61  (milliradians ) 

100  me  400  mo 


“X 

0  mr 

SQCLrum;^. 

1000  n.mi. 

300  n."ui. 

1000  n.mJ . 

4.44 

4.54 

.276 

.284 

500  mr 

4.00 

2. 08 

.250 

.167 
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Lr^  (meters) 

100  me  *400  me 

500  n.mi. _ IpOp  a.al.  _ lOgg-JUDl 

2650  2910  166  181 

2060  2220  129  .155 

The  total  elevation  angle  and  range  error  are  3 imply  the  sum  of  the  tropospheric 
and  the  ionospheric  components. 

The  Faraday  rotation  is  obtained  ay  multiplying  £r*  by  the  appropriate 
factor  from  Table  VII.  Thu 3,  if  the  true  azimuth  is  300°  and  the  elevation 
angle  500  mr,  the  multiply.' ng  factors  for  Lr1  to  obtain  the  number  of  rotations 
for  a  double  passage  through  the  ionosphere  are  .00367  for  the  300  n.mi.  target 
height  and  .00580  for  the  1000  n.mi  target  height.  Using  these  values  one  ob¬ 
tains  the  following i 

U  (revolutions) 


0  mr 

100 

me 

400  me 

5 Qfi  n.mi. 

1000  n.mi. 

300  n.mi. 

. 1000  n.mi 

9.71 

11.05 

0.61 

0.69 

300  mr 

7.55 

8.45 

0.47 

0.51 

» 

0  ar 
300  mr 


i 


t 
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sbmibi  and  mwmnm 


As  a  result  of  the  work  done  under  Engineering  Changes  A  and  B  of  Con¬ 
tract  AF30 (602) -1624,  and  reported  herein,  simplified  methods  have  been  developed 
for  computing  radar  elevation  angle  and  range  errors,  as  well  as  total  ray  bend¬ 
ing  and  Faraday  rotation.  These  methods  are  in  a  form  to  utilise  radiosonde  and 
ionogram  data  for  defining  refractivity  profiles.  Details  of  these  methods  have 
been  presented  in  this  report,  as  well  as  sample  calculations  on  a  nearly  simul¬ 
taneous  set  of  radiosonde  and  ionogram  data. 

The  methods  were  used  on  radiosonde  and  ionogram  data  for  Fairbanks, 
Thule  and  Northern  Scotland.  Statistical  distributions  were  derived  for  these 
locations,  which  allow  one  to  assess  the  radar  refraction  errors  as  a  function 
of  radar  frequency,  target  height,  elevation  angle  and  time.  The  occurrence  of 
surface  ducts,  was  also  determined  at  each  location  and  the  effects  on  terrain 
and  sea  clutter  were  determined  at  various  radar  frequencies. 

It  is  recommended  that  the  methods  presented  in  this  report  be  used  in 
conjunction  with  radiosonde  and  ionogram  data  for  a  particular  time  and  station 
to  obtain  the  refraction  effects  to  be  expected  for  a  particular  radar  location. 

The  statistical  data  presented,  together  with  the  procedures  given 
for  its  use,  will  give  an  adequate  picture  of  the  average  values  (and  the 
standard  deviations)  of  the  effects  to  be  expected  at  the  three  specified  sites. 
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.028 

.0006 

.528 

.007 

.090 

.0022 

.716 

.009 

.141 

.0125 

.877 

,014 

.175 

.0C29 

.160 

.005 

.028 

..  0006 

.528 

.007 

.099 

.0023 

,717 

.009 

.  141 

,0926 

.878 

.,034 

.  .175 

,0030 

164 

,005 

.028 

.  0004 

535 

.008 

.099 

.0015 

726 

.010 

.*41 

.0017 

892 

.015 

.175 

.0020 

10 

50 

100 

300 


6.0 

2.4 

3,23 

.46 

7.5 

2,8 

6.12 

.40 

10.9 

2,7 

7.20 

,43 

12.0 

2,3 

8.43 

.45 

December 


1.50 

.04 

0.51 

.018 

5.89 

.10 

1.62 

.046 

4.84 

,12 

2.12 

.054 

5.70 

.13 

2.54 

.060 

167 

.006 

.029 

.0008 

540 

.009 

.101 

.0029 

734 

,012 

.145 

.0053 

901 

.018 

.180 

.0039 

T/jBLOli 


TKCKblHLAtlC  6 'a  (mr) 
Fairbanks,  Alaska 


h(kft) 


a  =Omr 

_ 2 _ 

mod  a 


a  -lCtar 

O 

mod  a 


a  =30mr 
o 

mod  o 


a  -lOOmr 
o 

rced 


a  -3  OGrar  a  -lOOQmr 

Q  m2  ■him  -■  ■■■■'» 

mod  a  mod  a 


10 

5.7 

4.2 

5.42 

i.60 

1.58 

.15 

0.52 

.04 

.172 

.015 

.029 

,00i.8 

50 

9.5 

4,2 

6.50 

1.50 

4.06 

.56 

1.64 

.11 

.546 

.022 

.102 

.0067 

100 

10.7 

4.0 

7.60 

1.55 

5 ,04 

.40 

2.15 

.12 

.740 

.028 

.147 

.0077 

300 

12.1 

4.0 

8.65 

1.65 

5,92 

.45 

2.58 

.14 

,912 

.043 

.182 

.0090 

February 


10 

5,6 

3.4 

3.35 

.55 

1.54 

.10 

0.51 

.02 

.170 

.009 

.029 

.0010 

50 

9.2 

3.3 

6.10 

.90 

4..  00 

.23 

i.62 

.06 

.543 

.013 

.103 

.0040 

100 

10.5 

3.7 

7.00 

i.u4 

4.92 

.26 

2.10 

.07 

.736 

.016 

.145 

.0045 

300 

3 1.9 

3.5 

8.55 

.55 

5,81 

.29 

2.56 

.08 

.907 

.025 

.180 

.0053 

March 


10 

5,0 

6.2 

3.45 

,90 

1,46 

.09 

0.50 

.029 

.166 

,0±o 

.029 

.CO  16 

50 

8.5 

6.3 

6.52 

1.15 

3,89 

.22 

1.54 

.  072 

.537 

.019 

.  .102 

.0060 

100 

9.7 

6,5 

7.40 

1.20 

4,77 

,25 

2.09 

.090 

.729 

.025 

.143 

.0068 

300 

11.5 

5,0 

8.30 

.60 

5  62 

.28 

2.51 

.095 

.895 

.036 

.178 

.0080 

4ELA4 


10 

5.4 

1.5 

2.97 

.42 

1.45 

.06 

0,49 

.017 

.160 

.007 

.028 

.0008 

50 

8,4 

2.1 

5.85 

.45 

5  .77 

.14 

1.56 

.045 

.527 

.010 

.099 

.0028 

100 

9.8 

2.3 

6.96 

.47 

4,69 

.15 

2,05 

.05'. 

.715 

.013 

.141 

.0032 

300 

11.1 

1.9 

7.97 

.46 

5.53 

.17 

2.47 

.  0:7 

,876 

,020 

.175 

.0036 

10 

5.2 

2.1 

2.64 

.46 

1.  44 

,■  06 

0.49 

,0  1 6 

.159 

.007 

.029 

.0008 

50 

8.2 

2,0 

5.68 

.52 

3.74 

.14 

1.55 

,046 

,525 

.010 

.  102 

.0031 

100 

9.6 

2.1 

6.72 

.56 

4,66 

.16 

2,04 

„0r:4 

.733 

.01$ 

.,142 

.0035 

300 

10.8 

2.3 

7.90 

.52 

5.50 

.18 

2.46 

.  06  0 

.873 

.020 

.177 

.0041 

June 


10 

4.0 

5.0 

3.36 

.57 

1.52 

.09 

0.51 

.03 

.168 

.010 

.'029 

.0011 

50 

8.0 

5,2 

6.30 

M  37 

3  ,93 

„22 

1.6' 

1 08 

.540 

,016 

.  103 

.0043 

100 

9.0 

5,4 

7.49 

.68 

4.87 

.25 

2.1a 

.09 

.731 

.020 

.145 

.0048 

300 

11.5 

4.5 

8.60 

.67 

5.74 

.  28 

2.53 

-i0 

.901 

.030 

.180 

.0057 

* 


T^BLE  JIT 
(oonta ) 


a 

a  =10mr 

a  -30mr 

0 

a  -lOOmr 
o  , 

ao=300mr 

CL-lOOOmr 

h(kft) 

med 

0 

med 

a 

ned 

0 

med  a 

med 

cr 

med 

0 

Mx 

10 

6,0 

5..0 

3.60 

,70 

1.60 

.11 

0.54  .03 

.180 

.Oil 

.030 

.00.12 

50 

9.2 

6,2 

6.55 

.70 

4.12 

.26 

1.68  .08 

.558 

.016 

.108 

.0047 

100 

11,4 

7,0 

7.75 

,72 

5.09 

.29 

2.20  .09 

.,755 

,020 

.150 

.0053 

500 

12.6 

4.3 

9,02 

.90 

5.98 

.32 

2.63  .10 

.934 

.051 

.186 

.0062 

August 

10 

5.6 

1.4 

3,42 

.47 

1,63 

.06 

0.54  .020 

.180 

.008 

.030 

.0009 

50 

9.2 

1.5 

6.50 

.60 

4.19 

.14 

1.70  .050 

.560 

.012 

.108 

,0034 

100 

10.6 

1,5 

7, .72 

.55 

5.17 

.15 

2.22  .059 

.756 

.0,14 

.151 

.0058 

300 

12.1 

20 

8.39 

.50 

6.07 

.17 

2.66  .065 

.937 

.022 

.187 

.0045 

September 

10 

5.5 

2,4 

3.29 

.61 

1.54 

.10 

0.52  .026 

.171 

.Oil 

.029 

.0012 

50 

fl.9 

?  7 

6,20 

.70 

4.00 

.24 

1.64  .070 

.545 

.013 

.103 

.0048 

100 

10.4 

2,7 

7.39 

.71 

4,95 

.27 

2,14  .083 

.738 

.020 

.146 

.0054 

300 

12,0 

2.9 

8.61, 

.77 

5  82 

.30 

2,57  .092 

,909 

.051 

.  18  j. 

.0064 

October 

10 

5.2 

2,0 

3.12 

.45 

1.48 

.05 

0.50  .015 

.005 

,029 

,9007 

50 

8.6 

2,0 

6,04 

.37 

3.85 

.11 

1.58  .039 

.535 

.009 

,102 

,0025 

100 

9.9 

1,9 

7. 15 

.  40 

4.78 

.15 

2.08  .046 

,725 

.011 

,  142 

.0029 

300 

11.1 

2  0 

8.29 

.58 

5,63 

.14 

2.50  ,05.' 

.689 

.017 

.177 

0034 

November 

10 

5.5 

2,5 

3.45 

G5 

1.54 

.11 

0.51  .032 

.169 

.010 

029 

.0013 

50 

9.0 

2.8 

6.17 

89 

3,98 

.27 

1.61  .081 

.542 

.017 

.,103 

.0049 

100 

10.4 

2  8 

7,25 

,.92 

4.93 

.30 

2.J2  .096 

.734 

,020 

,145 

.0055 

300 

11.0 

4  0 

8.43 

.95 

5.80 

.34 

2.54  .106 

.904 

,031 

,180 

.0065 

December 

10 

7.2 

8,6 

3,35 

.95 

1.64 

.20 

0 . 53  .05 

.185 

.021 

,030 

.0024 

50 

8.2 

10,0 

7.24 

U75 

4,22 

,4.7 

1.68  .14 

.565 

,052 

,108 

,0090 

100 

11.2 

9.4 

8.72 

L.78 

5.20 

.52 

2.20  .16 

.764 

.040 

.150 

.0100 

300 

12.2 

6,0 

9.44 

i  .45 

6.  j.0 

.58 

2.64  .18 

.948 

.061 

.186 

,0120 

YivBLE  IV 


TRUl'CSniERIC  RANGE  JSRRCE  IN  FEET 


=0mr 

a  =10mr 

0 

a.  -SOmr 

a.”i00mr 

V*’ 

(x  =30Qmr 

o  _ 

a,,~1000mr 

Month 

mod 

a 

mod 

a 

med 

a 

med 

a 

med 

0 

med 

a 

Jan. 

510 

12 

247 

9 

163 

7 

64.6 

2.8 

22,75 

1. 

8.0 

.38 

Feb. 

312 

12 

248 

8 

164 

6 

65.3 

2,6 

23.0 

«» 

8.0 

.35 

Mar. 

314 

13 

250.5 

8 

166 

6 

65.8 

2.5 

23,1 

.88 

8. 16 

.30 

Apr. 

314 

13 

251 

10 

166 

7 

66.0 

3.1 

23.2 

J-.  .1.0 

8.49 

.38 

May 

312 

12 

249 

10 

166 

9.5 

66.4 

4.0 

23.3 

1.50 

8.27 

.53 

June 

323 

15 

258 

12.5 

.171 

9 

67.7 

4.6  . 

23.8 

1.65 

6.40 

.60 

July 

340 

18 

273.4 

11.0 

182.6 

7 

73.2 

3.4 

25.8 

1.25 

9.09 

.43 

Aug. 

335 

18 

268 

11 

178 

8 

71 

4 

25.2 

1.3 

9.0 

.45 

Sept. 

329 

18 

264.5 

10.8 

174.2 

10.9 

69.9 

4.4 

24.55 

1.50 

8.67 

.52 

Oct. 

326 

13 

261.2 

10.0 

173.8 

7.2 

69.2 

3.2 

24.35 

1 .  a.0 

8.59 

.40 

Nov. 

3ie 

11 

254.2 

7.8 

167.4 

6,0 

67.0 

2.5 

23.45 

.98 

8.29 

.33 

Dec. 

3x7 

13 

253.5 

10.2 

167.2 

7.2 

66.4 

3.7 

23.40 

1.11 

8.26 

.40 

ihuie 

Jan, 

3i0 

9 

251.4 

7.3 

165.8 

5.5 

65,8 

2,9 

23 ,2 

.83 

8.19 

.29 

Feb. 

312 

10 

255 

7.5 

167 

6.0 

66.5 

2  .2 

25. G 

,9 

8.4 

.3 

Mar. 

3,0 

9 

250 

ry  , 

<  #1 

164 

5.3 

65,2 

£.. 

23,.: 

.6 

8.2 

.3 

Apr. 

311 

6.0 

247.3 

7.0 

163.2 

5.1 

64.8 

2.3 

22,70 

.80 

8,03 

.30 

May 

299 

7.0 

237  C 

0,2 

156,; 

4*6 

61.5 

1,8 

21.55 

.70 

7.6:. 

.23 

June 

390 

8 

235  8 

6.3 

j.55.8 

4,2 

61.9 

2.2 

21.72 

.77 

7.68 

.26 

July 

302 

10.0 

240  0 

8.6 

158.5 

6  8 

62  5 

2.8 

22.00, 

.98 

7.73 

.32 

Aug. 

301. 

5 

6.5 

239.5 

5,5 

157  .6 

4.0 

62.7 

1,8 

21.98 

.61 

7.73 

.21 

Sept. 

293. 

i 

6.7 

232.8 

6,0 

.t.52,,  4 

4.1 

60.4 

1.9 

21. ;3 

,66 

7.47 

,24 

Oct. 

292. 

0 

7.0 

232.0 

S .  0 

151.0 

3.0 

59,8 

i  3 

21.0 

.7 

7.4 

.25 

Nov. 

302 

6,5 

238 

5,0 

157 

4  5 

61.5 

2  0 

21.5 

.7 

7.65 

.25 

Dec. 

304 

8.5 

240 

8,0 

159 

5.  j 

63  ,u 

2.5 

22.  : 

.9 

7.R 

,29 

faxrbank3 

Jan, 

303 

16 

24? 

17 

162 

14 

65.5 

6,2 

22.7 

2.2 

8.0 

.8 

Feb. 

507 

15 

245 

12 

161 

9 

63,6 

5  6 

22.4 

1.2 

7.9 

.45 

Mar. 

299 

12 

239 

20 

158 

14 

62.3 

6. .4 

21.9 

2, .4 

7,8 

.75 

Apr. 

287 

9 

220 

6.5 

152 

6 

59.8 

2.5 

21,9 

0.9 

7.4 

.32 

May 

230 

9 

231 

7.5 

152 

3  .0 

59.7 

2,7 

3u0 

0.9 

7  c * 

.30 

June 

304 

10 

242 

13 

159 

9 

63  F 

3,9 

22.0 

1.5 

7,9 

.47 

July 

317 

15 

£54 

12 

168 

9 

66.5 

3.5 

23.5 

1.3 

8.5- 

.40 

Aug. 

316 

16 

256 

13 

17: 

10 

68,0 

4.2 

23.9 

1.5 

8.5 

.  5o 

Sept. 

308 

12 

247 

13 

162 

10 

64 

4.4 

21.3 

2.  L 

8.0 

.51 

Oct. 

29? 

9 

237 

6 

165 

5.6 

61 

2,5 

21,6  ‘ 

’  .,85 

7.6 

.30 

Nov. 

307 

15 

244 

15 

159 

10 

63,5 

4.0 

22.2 

1.5 

7.8 

.51 

Dec. 

3  If 

17 

257 

.19 

167 

10 

68 

5.5 

23.8 

2.2 

8.4 

.8 

TABUS  VI 


DUCT  CHARACTERISTICS 


Fairbanks 

Thule 

leuehers 

Maximum  %  occurrence 
of  surface  AN/h  >  45/1000 

'  19  (Jan) 

3  (Jan) 

4  (July'1 

Average  thickness 

230' 

165* 

270 1 

Minimus  frequency 
trapped 

800  nr- 

3000  me 

3000  m 

%  Occurrence  of  trapping 
at  1000  mo 

3 

0 

0 

at  5000  me 

7 

1 

0.3 

Maximus  terrain 

flutter  range  a.  mi. 

(mountain  face 

2000’  high,  50  miles  long) 

400  me 

350 

200 

350 

luCO  mo 

300 

200 

250 

%  Occurrence  of  maximum 

clutter  ranges 

400  me 

2 

0,3 

1 

1000  nr 

5 

0,5 

3 

lABiQli 

2  X  ”X  '-'ob  ft  X  10®  (meters  )”J‘ 
o 


laaidg.  LataaritoOL 


STATION 

d  BrN. 
f!  X 

♦90° 

♦60° 

-so'5 

0° 

33o 

SCO 

2/0 

0 

4.01 

5.65 

3.21 

2.92 

5.37 

3.69 

3.91 

100 

3.96 

3.62 

3.21 

2.06 

3.15 

3.36 

3.46 

THULE 

500 

4.61 

4.11 

3.84 

3.78 

3.73 

3.72 

3.7J 

1000 

Vert 

8.10 

7.96 

7.81 

7.61 

9.06 

7.47 

7.47 

7.50 

0 

3.07 

2.70 

2.76 

2.62 

2.44 

2.94 

4,10 

100 

2.74 

2.24 

2.30 

2.36 

2.30 

2.72 

4.09 

FAIRBANKS 

300 

5.29 

2.76 

2.65 

2.79 

3.02 

3.67 

4.71 

1000 

Vert 

7.36 

6.60 

6.65 

6.77 

8.96 

7.01 

7.55 

8.06 

■J 

3.26 

i.8l 

1.51 

1.12 

1.07 

1.28 

2.24 

100 

3.10 

1.90 

1.24 

.945 

.644 

1.31 

2.14 

INVERNESS 

300 

3.G9 

2.64 

1.81 

1.40 

1.42 

1.65 

2.72 

1000 

Vert 

6.64 

6.00 

5.47 

5.19 

7.46 

5.20 

5.55 

6.0 1 

Afeg».  teJBoaptor.g. 


STATION 

o  > 

>90° 

♦60° 

*-30c 

0° 

550 

300 

270 

0 

4.36 

4.  j4 

3.55 

5.62 

3,90 

4.54 

4.G2 

100 

4.26 

3.94 

3.54 

3.41 

3.82 

4.05 

4.31 

THU  IE 

300 

4.65 

4.39 

3.79 

3.86 

4.07 

4.24 

4.25 

1000 

Vert 

7.46 

7.35 

7.24 

7.14 

8.29 

7.05 

7.11 

7.11 

0 

3.76 

3.51 

3. 

3.02 

3.05 

3.54 

4.43 

100 

5.45 

3.21 

3.21 

3.14 

2.98 

3.41 

4.36 

FAIRBANKS 

300 

5.67 

3.27 

3.24 

3.44 

3.38 

3.80 

4.76 

1000 

Vert 

6.80 

6.43 

6.45 

6.49 

8.20 

6.. 61 

7.05 

7.47 

0 

3.56 

2.76 

1.97 

1.94 

1.95 

2.08 

2.79 

100 

3.54 

2.28 

1.83 

1.72 

1.67 

1.87 

2.68 

INVERNESS 

30C 

3.72 

2.7e 

2,26 

1.96 

1.94 

2.24 

5.06 

1000 

Vert 

6.20 

5.66 

5.20 

5.iI6 

6,82 

4.97 

5.26 

5,60 

i 

i 


( 


;  i 

.  I 


TABLE  VIIJ 


IONOSPHERIC  6  b  (mp) 
Thule,  Greenland 


V 

0  nr 

100  mr 

a  -  50 0 
0 

mr 

a,"  1000  nr 

h(n.mi. ) 

med 

0 

med 

a 

med 

a 

med 

a 

Mar;!! 

1957  0000-2300 

500 

1..95 

.90 

2.54 

1,08 

1.95 

.90 

.624 

29 

5000 

2.10 

.90 

2  31 

.99 

1.47 

.63 

.683 

29 

2500 

2.10 

.90 

2.16 

.93 

1.21 

,52 

,392 

.17 

inf » 

2.10 

.90 

1.94 

.83 

.860 

.38 

.136 

.059 

-iUfiS- 

1957  0000-23 '00 

500 

1.60 

.52 

1  92 

.62 

1.60 

.52 

.520 

,37 

1000 

1.85 

51 

2.04 

.56 

1.30 

.36 

.647 

.18 

2500 

1.85 

.51 

i.91 

53 

1.06 

,29 

.372 

.10 

inf. 

1.85 

.51 

1.71 

.48 

.754 

.21 

J  >29 

‘035 

Sf-Dt  ember 

1957 

0000-2300 

500 

1  52 

.78 

1.82 

.94 

1.37 

.70 

.486 

.25 

1000 

1.60 

.74 

1.76 

.81 

3.12  ’ 

.52 

.520 

.24 

250-0 

1.60 

-?4 

1  65 

.76 

.920 

.43 

.298 

.14 

inf. 

1.60 

.74 

i  46 

68 

,654 

.31 

.  TO? 

.048 

Deremb^r 

0000-2300 

300 

1.25 

55 

L.50 

66 

i.i3 

.50 

.400 

.18 

10OO 

1.35 

66 

L.49 

„73 

.977 

43 

.439 

2 1. 

2500 

1.35 

.66 

1.59 

.68 

.720 

.35 

.252 

.  ;2 

inf. 

1.35 

.66 

1,25 

.61 

.511 

25 

.087 

042 

ATX  TIMES  IN  MEAN  LOCAL  TIME 


TA&&1X 


f 


IONOSPHERIC  b'a  (mr) 


Resolute  Bay,  Canada 


h(n.mi. ) 


500 

1000 

2500 

inf. 


500 

1000 

2500 

inf. 


000 

1000 

2500 

inf. 


500 

1000 

250C 

inf. 


gQ= 

0  mr 

a  = 

100  mr 

co¬ 

300  mr 

a^=  1000  mr 

med 

0 

med 

0 

rned 

CF 

med 

°  | 

March 

_ j 

OQOQ-23QO 

i 

.495 

.190 

.545 

.209 

.408 

.157 

.108 

.040 

.525 

.200 

.525 

.200 

.315 

.120 

.112 

.042  ! 

.525 

,200’ 

.493 

.188 

.258 

.099 

.0638 

.024  1 

.525 

.200 

.442 

.169 

.163 

.070 

.0221 

.0083 

i 

• 

lltfBB— . 

0000  -2303 

.778 

.145 

.656 

,  160 

.641 

.120 

.163 

.0305 

.820 

.155 

.820 

.155 

.492 

.  098 

172 

.0326 

.820 

.155 

.770 

.145 

404 

.076 

.0990 

.0190 

.820 

.155 

.691 

.130 

.286 

.054 

.0352 

.0066 

September 

-JL2S4.  , 

.622 

.198 

.685 

.218 

.5i4 

.163 

.131 

.04  .6 

.860 

.220 

.660 

.220 

.596 

.132 

.139 

.0462 

.660 

.220 

.620 

.206 

,325 

.108 

.0800 

.0270 

.660 

.220 

.556 

.185 

,231 

.077 

.0277 

,0095 

December 

-igS4. 

v.  >000-2300 

.440 

.220 

.485 

.242 

.362 

.181 

.0925 

,0436 

.450 

.215 

.450 

.215 

.270 

.129 

.0945 

.0452  ; ! 

.450 

.215 

.422 

.202 

.222 

.106 

.0545 

.0260  1 

.  450 

.215 

.379 

.181 

.156 

.075 

.0188 

.0090  1 

ALL  TIMES  IN  MEAN  LOCAL  TIME 


Jt 


TABLE  X 


IONOSPHERIC  6' a  (mr) 
Fairbanks,  Alaska 


•v 

0  nr 

o  -  100  mr 
_ 

UB 

1  " 

1  CN 

1  o 
O 

iur 

a~  1 

.OOGmr 

h(n.mi. ) 

mad 

or 

mad 

0 

mod 

0 

raed 

cr 

March 

.las* _ mrm 

300 

.685 

,130 

.754 

.143 

,565 

.107 

.164 

.0312 

1000 

742 

.,243 

,742 

.243 

.445 

.  1.46 

.163 

.0535 

2500 

.742 

.243 

.696 

.228 

.366 

..120 

.094 

.0510 

inf. 

.742 

.243 

.625 

.204 

.260 

,085 

.032 

.011 

.teii  ,  . 

ia&i _ rntmi 

300 

.277 

.223 

.352 

.268 

.250 

.201 

.069 

.0557 

1000 

.281 

.238 

.281 

.258 

.183 

.155 

.073 

.0619 

2500 

.281 

.238 

.266 

,224 

.  150 

.127 

.042 

.0560 

inf. 

.281 

.238 

,238 

.201 

.106 

.090 

.014 

.0.025 

March  1954  0700-1100 

300 

.477 

.158 

.573 

.190 

.429 

.  -42 

.  ‘.17 

.0387 

1000 

.512 

.215 

.512 

.2.15 

.333 

.140 

.128 

.0537 

2500 

.512 

.215 

.490 

.202 

.274 

.115 

.074 

.0310 

inf. 

.512 

.215 

.439 

.  .81 

.194 

DXiV7! 

.082 

.026 

.0107 

300 

.595 

.150 

iUQS _ 

.655 

*23?. _ i 

.  165 

.535 

.135 

.149 

.0375 

1000 

.665 

.175 

,665 

.175 

.432 

.114 

...73 

.0455 

2500 

.665 

.175 

.625 

.364 

.555 

.094 

..00 

.0260 

inf. 

.665 

.175 

,560 

.147 

.252 

.067 

.036 

.0090 

Sg&SBbSE 

1000-1900 

300 

.585 

.180 

,645 

.198 

.526 

.162 

.145 

.0442 

1000 

.635 

.172 

.635 

,  172 

..413 

.112 

.59 

.0440 

2500 

.635 

72 

.596 

.  16  L 

.340 

.092 

.091 

.0250 

inf. 

.635 

.172 

.535 

..144 

.242 

065 

.031 

.0086 

Pent ember 

1954 

2000-0900 

300 

.200 

.165 

.240 

.198 

.180 

.149 

,056 

.0462 

1000 

.225 

.170 

.248 

.IB7 

.146 

.110 

,064 

.0485 

2500 

.225 

.170 

.233 

,176 

.’20 

.090 

.036 

.0280 

inf. 

.225 

.170 

.209 

.158 

.085 

.064 

.012 

.0097 

t 


fABU  k 
(cont. 


a  -  0  i or  r,  -  100  mr  a,  -  SO)  mr  1000  mr 


h(n.mi.  ) 

Med 

0 

ir.ed 

a 

med 

a 

aed 

0 

P9cgn_ber__l954 _ 100a.rJ.5QQ 


500 

>960 

.410 

1.060 

.451 

.720 

507 

.163 

.0695 

1000 

.960 

.570 

.960 

.570 

.528 

204 

.15? 

.0610 

2500 

.960 

.570 

.902 

.,548 

.454 

.  168 

.090 

.0550 

inf. 

.960 

.570 

.808 

.503 

.308 

.  Li.9 

.031 

.0121 

Member  1954  0500-0800  and  .800-1900 


300 

.155 

.067 

.1?  1 

.074 

.128 

.056 

.039 

.0168 

1000 

.155 

.085 

.155 

.084 

.093 

.051 

.041 

.0225 

2500 

.155 

.085 

.146 

.080 

.076 

.042 

.024 

.0129 

Inf. 

.165 

.085 

.LSI 

.072 

.055 

030 

.008 

.0048 

December  1554  iB OP -1700.  0900  and  2000-0400 


300 

.340 

.  140 

.374 

.154 

.280 

.116 

.075 

.0308 

1000 

.540 

.136 

.340 

.135 

.22i 

.068 

.075 

..0297 

2500 

.340 

.  136 

.320 

.127 

.182 

.072 

.043 

.0171 

inf. 

.340 

.  J55 

.267 

.113 

.129 

.051 

.015 

.0059 

500 

3.90 

2.0C 

4.68 

2.4; 

3.51 

1.80 

1,170 

.600 

1000 

4.00 

2.40 

4.40 

2.64 

2.60 

l.56 

1.200 

.720 

2500 

4.00 

2. 40 

4.13 

2,48 

2  14 

1.28 

0.690 

.414 

inf. 

4.00 

2.40 

3.70 

2.22 

1.52 

.91 

0.259 

.143 

ttcsb— AaS?—.2i?W^aBS 


300 

1.70 

.90 

2,04 

1,08 

1.53 

.81 

>420 

.270 

Aooo 

1.79 

67 

1.94 

96 

..18 

.57 

,537 

.261 

2500 

1.79 

.87 

1.82 

,90 

.954 

.47 

,.308 

.150 

inf. 

1.79 

>87 

1,63 

.81 

.68 

.33 

,108 

.052 

June  19  £7 _ OCOO-25QO 


300 

1.69 

.89 

2.03 

1.07 

1.69 

.89 

.558 

.294 

1000 

1.98 

,59 

2.18 

.65 

1,39 

.41 

.704 

.209 

2500 

1.98 

.59 

2.04 

.61 

.1,14 

.34 

.405 

.120 

inf. 

1.98 

.59 

1.83 

.54 

1.00 

.24 

,140 

.042 

TABLE  X 
(cont.  ) 


a^~  0  mr 

a  -  100  mr 
o 

—  ao=  -300  mr 

asL 

1000  mr 

h(n.mi.)  med  a 

med  a 

med  a 

med 

a 

September  195?  1200-1900 


300 

1.81 

.96 

2.18 

1.18 

1.63 

.68 

.561 

.504 

2„C0 

.96 

2.20 

1.06 

1:40 

.69 

.620 

.504 

2500 

2.00 

.98 

2,06 

1.01 

1.15 

.57 

,556 

.375 

inf. 

2,00 

.98 

1.86 

,90 

.62 

.41 

.123 

.061 

September  ^57  _  2200-0600 


500 

,62 

.52 

.98 

.38 

.82 

.29 

.268 

.106 

.87 

.31 

.96 

.34 

.61 

.22 

.296 

.106 

2500 

.87 

.31 

.90 

.32 

.50 

.18 

.170 

.061 

inf. 

.87 

.31 

.81 

.29 

.35 

.13 

.059 

.021 

September  1957  2000-2 IPO  and  0700-1100 


300 

1.45 

,59 

1.74 

.71 

1.51 

.55 

.457 

.186 

1000 

1.61 

.65 

1.77 

.72 

1.05 

.42 

.515 

.208 

2500 

1.61 

.68 

1.66 

.68 

.86 

.34 

.296 

.119 

1.61 

.65 

1.49 

.61 

.61 

.24 

.102 

.041 

December  1357  _nOQ.-3.7QO 


300 

4.48 

1.87 

5.38 

2.25 

4.03 

1.67 

1.295 

.543 

1000 

4,93 

1.62 

5.43 

1.78 

3.20 

1.05 

1.493 

,4?0 

2500 

4.93 

1.62 

5.10 

1.67 

2.63 

.86 

.860 

.270 

inf. 

4.93 

1.62 

4,57 

1.44 

1.00 

.61 

.296 

,093 

December 

H957 

1800.-1000 

300 

1,05 

.45 

i.26 

.54 

.95 

1 41 

•  .541 

,144 

1000 

1.21 

.39 

1.53 

.65 

.85 

.41 

'  .400 

.195 

2500 

1.21 

.59 

1.25 

.61 

-70 

.34 

•,230 

.112 

inf. 

1.21 

.59 

1. 12 

.55 

.50 

.24 

.079 

,059 

ALL  TLiES  IN  MEAN  LOCAL  TIME 


C 


IONOSPHERIC  &«$  (mr) 


Inverness ,  Scotland 

f 


a  =  0  mr 

.  o _ 

a  -  100*  mr 

o _ 

a  *  50 0 

c* 

mr 

a  =  1000  mr 

c 

h  (n.ml. )  med 

a 

med 

a 

med 

med 

a 

March  1954.  ...0900-1900 

500 

1.15 

.525 

1.25 

.592 

.944 

.221 

.239 

.0682 

1000 

1.18 

.585 

1.15 

.523 

.655 

.160 

.248 

.0809 

2500 

1.16 

.385 

1.06 

.504 

.559 

.131 

.142 

.0465 

inf. 

1.18 

.585 

.952 

.275 

.362 

.0910 

.'049: 

.0161 

500 

.155 

.147 

.155 

.155 

.126 

.100 

.0566 

.0405 

1000 

.155 

.147 

'  .129 

.145 

.0876 

.0955 

..0572 

.0412 

2500 

.155 

.147 

.121 

.154 

.0720 

.0785 

.‘0214 

.0256 

inf. 

.155 

.147 

.109 

.120 

.0511 

.0556 

.0074 

.0082 

Husk.  igSi  .IMLvAJMSMm 


000 

.565 

.195 

.585 

.168 

.454 

.147 

.119 

.410 

1000 

.550 

.165 

.550 

.185 

.330 

.111 

.115 

.0578 

2500 

.550 

.165 

.516 

.174 

.271 

.091 

.0650 

.0217 

inf. 

.550 

.185 

.464 

.156 

.192 

.065 

.0225 

.0075 

300 

.950 

.415 

1.02 

.466 

,7b6 

.342 

.214 

.0955 

1000 

.990 

.440 

.990 

.440 

.645 

.286 

.218 

.0970 

2500 

.990 

.440 

.950 

.414 

.529 

.235 

.125 

.0560 

inf. 

.990 

.440 

.855 

.572 

.375 

.167 

.0453 

.0194 

smaBfegL  J3M _ 12&J&2P 


300 

.860 

.347 

.945 

.382 

.710 

.286 

.195 

.077 

1000 

1.15 

.400 

1.15 

.400 

.690 

.240 

.258 

.090 

2500 

1.15 

.400 

1.08 

.376 

.567 

.197 

.148 

.052 

inf. 

1.15 

.400 

.970 

.338 

,403 

.140 

.0513 

.018 

September  1954  0300-0500 


300 

.150 

.051 

.156 

.062 

.117 

.046 

.0558 

.0152 

1000 

.156 

.075 

.156 

.075 

.101 

.049 

.0405 

.0195 

2500 

.156 

.075 

.146 

.070 

.083 

.040 

.0232 

.0110 

inf. 

.156 

.075 

.151 

.063 

.059 

.028 

.0000 

.0058 

TABLE  a 
Tcont.) 


a  -  0  rar 
. . a,, . . . 

a0~  IDO  mr 

a  -  500  or 
o ,  , 

a  ~  1000  nr 
,  o , 

h(n.mi.)  mad  a 

med  o 

mad  a 

mad  a 

September  1954  0600-0900  and  2000-0000 


300 

.455 

.205 

.500 

.226 

.375 

.169 

.102 

.0461 

1000 

.560 

.250 

.560 

.250 

.336 

.150 

.126 

.0562 

2500 

.560 

.250 

.525 

.235 

.276 

.123 

.0724 

.0320 

inf. 

.560 

.250 

.471 

.211 

.196 

.087 

.0251 

.0111 

PftfigBtW..48a.  .-lPQP,Trfr§gg 


300 

.900 

.200 

.990 

.220 

.630 

.140 

.155 

.030 

1000 

.955 

.200 

,955 

.200 

.478 

.10 C 

.143 

.030 

2500 

.955 

,200 

.898 

.188 

.395 

.082 

.0821 

.017 

inf. 

.955 

,200 

.806 

.169 

.279 

.058 

.0284 

.0059 

December  1954  1900-0800 


300 

.080 

.031 

.088 

.034 

.072 

.028 

.0196 

,0076 

1000 

.090 

.039 

.090 

.039 

.049 

.021 

.0225 

.0098 

250C 

.090 

.039 

.085 

,037 

.040 

.01? 

.0129 

.0056 

inf. 

.090 

.039 

.076 

.033 

.028 

.012 

.i,045 

.0019 

December.  ^54  09 JO  And  1600-1800 


300 

.330 

.185 

.363 

.204 

.247 

.139 

.0595 

.0533 

1000 

.369 

.165 

.369 

.165 

.240 

.107 

.0665 

,0297 

2500 

.369 

.165 

.346 

.155 

.197 

.088 

.0382 

.0170 

inf. 

.369 

.165 

.310 

.139 

.140 

.065 

.0136 

.0059 

March 

1957  : 

L00C-1800 

300 

5.33 

1.84 

6.40 

2.21 

4.89 

1.66 

1.63 

.561 

jlOOO 

5.80 

1.85 

6.39 

2.04 

4,05 

1.29 

1.83 

.585 

2500 

5.80 

1.85 

6.00 

1.92 

3.33 

1.06 

1.05 

.336 

inf. 

5.80 

1.85 

5.49 

1.75 

2.36 

.753 

.364 

.116 

Ifercb.  1957  2100-0600 


300 

.000 

.50 

.960 

.60 

.880 

.55 

.332 

.21 

1000 

1.05 

.55 

1.16 

.61 

.797 

.41 

.451 

.24 

2500 

1.05 

.55 

1.09 

.57 

.655 

,54 

.260 

.14 

inf. 

1.05 

,55 

.980 

.51 

.465 

.24 

,090 

.041 

I 


■M&Jl 

coot. ) 


0  nar 

a  *  500  mr 

a  =  1000 
0 

■r 

a 

med  a 

med 

a 

00-2000  a  Ed  0700*0900 

1.83 

3.08  1.37 

.956 

.425 

1.15 

2.02  .750 

1.18 

.437 

1.08 

1.66  .617 

.678 

,252 

.970 

1.18  .439 

.234 

.on 

§7  O0OQ-2J09 

.90 

1.85 

.75 

.684 

.28 

! 

.94 

1.85 

.64 

.986 

.34 

J 

} 

.88 

1.52 

.53 

.561 

.20 

.79 

1.06 

.38 

.194 

.069 

• 

195? . CflflMflQQ 


2.32 

3  5x 

t.74 

1,04 

.495 

2.02 

2.89 

1.51 

i/,1 

.580 

1.90 

2,38 

1.08 

.639 

.330 

1.70 

i.69 

.766 

.221 

.314 

.1851- 

0000-0500 

.720 

.922 

.540 

.323 

.266 

.715 

.682 

.422 

.315 

.260 

.672 

.560 

.350 

.181 

.150 

.604 

.596 

.248 

.063 

.052 

600-0600  and  2009-2300 

1.29 

1.69 

.965 

.482 

.275 

1.27 

1.43 

.830 

.528 

.309 

1.20 

1.17 

.680 

.303 

.180 

1.08 

.830 

.485 

.087 

,062 

JflSSL- 

■j-2gg^l?i2£ 

4.30 

6.68 

3.22 

1.86 

,896 

2.85 

5.51 

1.71 

2.12 

.656 

2,68 

4.55 

1.41 

1.22 

.380 

2.41 

5.22 

1.00 

.423 

.151 

500  .875  .  575  .  610  .450  ..606  .556  .219  .122 

1000  .900  .450  .990  .495  ;650  .515  .297  .148 

2500  .00 0  .450  .  950  .415  ,  519  .  260  .171  .085 

Inf.  .900  .450  .  835  .  572  ;368  .185  .059  .029 


300 

1000 

2500 

inf. 


2.60 

2.80 

2.80 

2.80 


1.65 

2.86 

1,82 

2,34 

1.49 

1.70 

2.80 

1.70 

1.82 

1.11 

1.70 

2.63 

1.60 

1.50 

,910 

1.70 

2.56 

1,44 

1.07 

.645 

.650  .412 
.742  .462 
.426  .280 
.147  .097 


A1,L  TIMES  IN  MEAN  L0C..L  TIME 


0 


TABLE  JCt~ 

IONOSPHERIC  RANGE  ERROR  IN  METERS 
Thule.  Greenland 


a  -  0  mr  u  =  100  mi' 

o  o 

h(n.mi, )  med  7  mod  0 


a  “  300  m.r 
med  7 


300  1420  690 

>1000  1650  740 


518 

555 


300  1250  370 

>1000  1550  420 


OCXjO-2300 


1188  351  936 

1472  399  1161 


277 

315 


300  1220 

>1000  1310 


0000-2300 


650  1150  617  914  488 

650  1245  620  982  490 


a  "  1000  mr 
o 

med  7 


530  260 

660  300 


478  140 

635  170 


460  250 

524  250 


Lee ember  1957  0000-2300 

300  1000  530  950  503  750  398  583  200 

>1000  1100  650  1044  617  825  488  440  260 


ALL  TIMES  IN  MEAN  LOCAL  TIME 


FABLE  Xllj 

lOSOCnffiRiC  RANGE  ERROR  IN  INTERS 
Resolute  Bay,  Canada 


a 

0  nr 

a  = 

100  rar  a  -  - 

300  tnr 

a  - 

1000  mr 

h(n.mi. ) 

_ i_ 

o 

£ 

med 

a 

med 

a  med 

a 

med 

0 

March 

1954  0000-2300 

300 

290 

130 

286 

124  203 

91 

101 

45 

>1000 

312 

172 

290 

155  2.18 

121 

109 

60 

•June 

1954  0000-2300 

300 

455 

85 

432 

S'i  318 

60 

159 

30 

>1000 

505 

120 

455 

108  354 

84 

176 

42 

Oectenbtr 

1954  0000-2300 

300 

360 

U8 

342 

112  252 

83 

126 

41 

>1000 

400 

160 

360 

144  280 

112 

140 

56 

Oe?onbor 

1954  0000  *2300 

300 

260 

140 

247 

133  ;32 

98 

91 

49 

>1000 

270 

165 

250 

i49  1 89 

116 

95 

•c8 

ALL  TIHBC  IN  MEAN  LOCAL  TIKE 


I0NC6FHERIC  RaME  ERRORS  IN  METERS 
Fairbanks,  Alaska 


ao= 

0  mr 

V 

100  mr  a  -  300  mr 

0 

V 

1000  mr 

hCn.mi. ) 

wed 

0 

med 

o'  med 

a 

med 

0 

March  . 

1954  '  0900-1900 

300 

400 

ICO 

380 

152  280 

112 

140 

56 

>1000 

425 

155 

404 

147  318 

116 

154 

56 

March . 

1954  2000*0800 

300 

205 

115 

195 

109  154 

86 

74 

41 

>1000 

225 

140 

214 

153  169 

105 

84 

52 

June 

1954  0000-2300 

500 

400 

95 

380 

git  300 

71 

144 

34 

>^000 

455 

125 

432 

119  341 

94 

170 

47 

Sent ember  1954  1000-1800 

300 

405 

87 

585 

83  304 

65 

146 

31 

>1000 

445 

105 

422 

100  334 

79 

166 

39 

Sent ember  1954  1900-0900 

300 

165 

85 

157 

61  124 

64 

62 

32 

>1000 

200 

110 

190 

105  150 

83 

75 

41 

December  1954  1100-1400 

300 

562 

103 

534 

98  394 

72 

197 

36 

>1000 

58 1> 

195 

540 

176  410 

137 

204 

66 

December  i954 

1500-0800  and  1700-2000 

300 

120 

60 

114 

57  84 

42 

42 

21 

>1000 

120 

36 

114 

34  90 

27 

43 

13 

December 

1954  2100-0400.  0900-1000  and 

1500-1600 

500 

250 

145 

258 

158  175 

102 

88 

51 

>1000 

283 

135 

254 

122  198 

95 

99 

47 

March 

1957  11C0-19OO 

300 

2650 

1270 

2500 

1210  1970 

950 

985 

476 

>1000 

3150 

-  1540 

2990 

146  0  2360 

1150 

1230 

600 

TABLE  _XaZ 
(coat . > 


qQ= 

0  nr 

a  =  100  mr 

0. . 

a  ,"  300  mr 

a,r 

j.000  mr 

h(n.mi. ) 

med 

a 

med 

a 

med 

0 

med 

a 

March  1957^ 

2000-1000 

500 

1220 

470 

1260 

445 

915 

352 

457 

176 

>1000 

2430 

670 

1360 

635 

1070 

500 

557 

261 

June  1957_  _ 

0000-2300 

300 

1300 

440 

L520 

417 

1040 

330 

542 

171 

>1000 

1650 

490 

1570 

465 

1240 

370 

676 

200 

September 

*95? 

1000-1900 

500 

1440 

740 

1570 

701 

1080 

555 

540 

280 

>1000 

1470 

800 

1400 

760 

1100 

600 

580 

320 

September 

i?§7 

2000-0900 

500 

680 

380 

855 

360 

660 

285 

334 

140 

>1000 

920 

400 

875 

360 

690 

300 

368 

.160 

December 

A?57 

1200-1600 

500 

5620 

1260 

3440 

1100 

2720 

870 

.1370 

440 

>1000 

3950 

2210 

3750 

1150 

2960 

910 

1410 

45C 

December 

J957 

2000-0900 

500 

710 

300 

674 

284 

532 

225 

276 

120 

*■  *>1000 

790 

230 

790 

230 

591 

173 

284 

150 

December  1957 

i.700- 

1900  and  1000-1100 

500 

1920 

840 

1820 

796 

1440 

630 

730 

320 

>1000 

2020 

1120 

1920 

1060 

1520 

840 

749 

330 

ALL  TIMES  IN  MEAN  LOG AL  TIME 


lARlgJg 


IONOSPHERIC  RANGE  ERROR  IN  METKRS 
Inverness,  Scotland 


a0= 

0  mr 

V 

100  mr 

a^~  300 

i  mr 

y- 

h(n.mi. ) 

med 

a 

mod 

a 

med 

0 

med 

March 

1954  1300-1800  ~ 

300 

710 

160 

674 

152 

497 

112 

248 

>1000 

730 

175 

694 

157 

511 

123 

252 

March 

7954  2200-0600 

300 

72 

24 

68 

23 

55 

'.8 

27 

>1000 

81 

84 

77 

80 

61 

65 

32 

•Parch 

1964 

1900-21.00  end  Q7QC-12Q0 

300 

469 

166 

445 

158 

528 

116 

164 

>1000 

469 

180 

445 

162 

528 

126 

164 

1954  0700-2500 

SCO 

665 

168 

632 

159 

465 

118 

236 

>1000 

670 

206 

636 

j.95 

503 

153 

240 

&C?  — 

1954  0000-0600 

303 

405 

no 

384 

104 

284 

77 

142 

>1000 

415 

150 

594 

142 

311 

113 

14C 

Si} 

Dtenber 

1954 

1000-2000 

300 

520 

170 

494 

161 

564 

119 

182 

>1000 

565 

175 

536 

-J6€ 

4?5 

131 

197 

Gent ember 

1954 

0100-0500 

303 

96 

29 

91 

28 

72 

22 

35 

>1300 

96 

35 

91 

33 

72 

26 

36 

SeDtanber 

1954 

0600-0900  and  2100-0000 

300 

270 

107 

256 

102 

189 

75 

95 

>1000 

290 

.25 

276 

119 

218 

94 

103 

Pa center 

..1054- 

1000-1600 

300 

550 

160 

522 

152 

385 

112 

181 

>1000 

613 

222 

552 

200 

428 

155 

202 

1000  nr 


a 


56 

60 


9 

23 


58 

65 


60 

74 


38 

54 


60 

6.1 


U 

15 


37 

44 


55 

75 


TABLE  X? 
Tcont. ) 


V 

0  mr 

~2L_ 

100  mr 

a  ~  300  mr 

D 

1000  mr 

h(n.mi. ) 

sied 

a 

med 

a 

med 

0 

med 

0 

December 

1954 

_ 1300-0800 

300 

66 

22 

63 

21 

43 

15 

24 

3 

>1000 

64 

49 

80 

46 

63 

37 

31 

18 

Decembar  1954  0900  and  1700-1800 

300 

197 

70 

187 

67 

130 

49 

65 

23 

>1000 

225 

ee 

203 

79 

157 

62 

75 

29 

March _ 

1957 

1000-1800 

300 

5900 

.1300 

3700 

1240 

2920 

980 

1480 

495 

>1000 

5750 

2100 

5751 

2  ICC 

4310 

1580 

2300 

840 

March  1957  2100-0600 

300 

700 

3  CO 

665 

285 

525 

225 

294 

126 

>1000 

1000 

550 

1000 

550 

050 

470 

430 

236 

March  1957 

0700-0900  and  1900-2000 

500 

2050 

650 

1950 

e-go 

1540 

490 

784 

242 

>1000 

3250 

10  00 

5090 

950 

2444 

750 

1240 

385 

June 

0000-2300 

500 

L590 

580 

1510 

550 

1x90 

440 

644 

234 

>1000 

1970 

6  JO 

1970 

6x0 

1670 

520 

837 

260 

Sent ember 

1957 

.000-1700 

300 

2900 

1103 

2760 

,  .050 

2180 

830 

1040 

400 

>.000 

2950 

il  ’.o' 

2800 

1050 

2220 

830 

1100 

4  i.0 

September 

■  1957 

2100-0600 

500 

840 

46  j 

798 

436 

630 

330 

314 

170 

>1000 

me 

<60 

8x6 

436 

645 

335 

323 

180 

September  3.957 

0700 

-0900  and  1600-2000 

500 

1780 

1000 

10C5C 

960 

1250 

700 

623 

350 

>1000 

1950 

1070 

l?  40 

961 

1450 

800 

695 

390 

/■ 

I 

.1 


TAB  IS  £1 
(oont~ 


qQ= 

0  mr 

a0= 

100  nr 

a  =  500  mr 

0 

100 0  mr 

h(n.mi. ] 

i  aed 

at 

med 

a 

med 

a 

mod 

0 

December 

195? 

.-.MflQdfaK 

500 

6200 

1770 

5890 

3680 

4340 

1200 

2160 

620 

>1000 

6300 

1770 

5980 

1680 

4410 

1200 

2280 

600 

December 

■JLS5L. 

0000-0703 

- 

300 

470 

300 

446 

290 

352 

225 

179 

116 

>1000 

6S0 

500 

617 

290 

488 

225 

260 

120 

December  2957 

_ ,  1^00-2.300  and..  0600-0900 

300 

1430 

1380 

1360 

1310 

1070 

1040 

544 

519 

>1000 

1G00 

1500 

1520 

1430 

1200 

1130 

610 

570 

ALL  TIMES  IN  MEAN  LOCAL  TIME 


tmLw 

TROPOSPHERIC  &‘a  AT  GREAT  HEIGHTS 
Leuchare,  Scotland 


a  =Ctar 

o 

H  (n.mi. )  aed  c 


a  =iw*«r 


a  -SOir 

J.G _ _ 

med  a 


a  -lOQmr 

-2 _ _ 

med  a 


(6^)  (ar) 


o^SOOmr 
med  a 


ot  ^lOOGur 


& msx 


100 

11.10 

1.04 

8.50 

.45 

5.91 

.19 

2.68 

.065 

.958 

.021 

.192 

.0043 

soo 

12.00 

1.07 

9.07 

.45 

6.23 

.20 

2.78 

.066 

.986 

.021 

.199 

.0044 

1000 

12.S5 

1.09 

9.44 

.45 

6  ,44 

,20 

2,84 

.066 

.999 

,021 

.201  .0044 

2500 

12.62 

1.10 

9.62 

.45 

6.55 

.21 

2.87 

.067 

1.003 

.022 

.202 

.0045 

February 


Maroh 


AfiTja 


100 

11.2 

.97 

8.45 

.45 

5.93 

.19 

2.65 

.065 

.960 

.020 

.195 

,0040 

500 

12.0 

.99 

9.10 

.45 

6. SO 

.20 

2.78 

.065 

.990 

.021 

.200 

.0041 

1000 

12.4 

1.02 

9.50 

.45 

6.50 

.20 

2.85 

.065 

1.002 

.021 

.202 

.0042 

2500 

12.6 

1.05 

9.60 

.45 

6.57 

.21 

2,86 

.066 

1.005 

.021 

.203 

.0045 

100 

10.90 

1.10 

8.66 

.40 

6.01 

.20 

2.72 

.064 

.966 

.020 

.194 

.0034 

500 

11.7 

1.10 

9.24  .40 

6.59 

.21 

2. .81  .064 

.994 

.020 

.201 

.0054 

1000 

12.5 

1.10 

9.62 

.40 

6.62 

.22 

2,86 

.064 

1.007 

.020 

.205 

.0035 

2500 

12.6 

1.10 

9.79 

.40 

6.72 

.23 

2.88 

.064 

1.011 

.021 

.204 

.0035 

100 

ll.O 

1.35 

8.61 

.£  5 

5„S8 

.22 

2.71 

.071 

.965 

.025 

.194 

.0043 

500 

•  11.7 

1.36 

9.21 

.55 

6.31 

.23 

2,81 

.071 

.995 

.025 

.201 

.0043 

1000 

12.2 

1.38 

9.61 

.55 

6,52 

.24 

2.86 

.072 

1.006 

.026 

.205 

.0044 

2500 

12.5 

1.59 

9.79 

.55 

6.01 

.25 

2.?9 

.073 

1.010 

.020 

.204 

.0-045 

100 

n.s 

1.56 

8.64 

.  56 

6.07 

.25 

2,73 

.076 

.971 

.026 

.195 

.0055 

300 

12.0 

1.57 

9.25 

.57 

6.43 

,25 

2.81 

.077 

.999 

.026 

.200 

.0053 

1000 

12.6 

1.58 

9.6.1 

,59 

6.58 

.26 

2.86 

.078 

1.012 

.027 

.202 

.0054 

2500 

12.9 

1.59 

9.79 

.61 

6.65 

.26 

2.89 

.079 

1.016 

.027 

,203 

,0055 

100 

11.8 

1.70 

8.71 

.52 

6.16 

.25 

2.77 

.088 

.985 

.052 

.197 

.0061 

500 

12.5 

1.70 

9.50 

.54 

6.49 

.25 

2.67 

.088 

1.013 

.032 

.204 

.0062 

1000 

13.1 

1.70 

9.67 

.57 

6.74 

.26 

2.93 

.089 

1.023 

.033 

.206 

.0062 

2500 

13.4 

1.70 

9.65 

,60 

6.75 

.27 

2,96 

.090 

1.030 

.035 

.207 

.C065 

oont 


iri 


«o=0w 

V20” 

cl=5<*t 

a  *100bt 

o  _ 

a*SOOnr 

Q  - 

a  =1000sr 

0 

H(n,nl. )  Md 

a 

Md  a 

Md 

a 

Md 

0 

Md 

a 

mod 

a 

- 

100 

15.0 

1.47 

9.66  .56 

6.55 

.25 

2,87 

.080 

1.051 

.052 

.204 

.0055 

500 

15.7 

1.44 

10.20  .58 

6.62 

.25 

2.97 

.060 

1.059 

.052 

.211 

.0054 

3000 

14.5 

1.46 

10.65  .60 

7„05 

.25 

5.06 

,080 

1.072 

.055 

.215 

.0054 

2500 

14.6 

1.48 

10.82  .62 

7.15 

.25 

5.06 

.060 

1.076 

.053 

.214 

.0055 

AugUBt 

100 

12.7 

1.55 

9.52  .65 

6.58 

.25 

2.87 

.080 

1.051 

.052 

.204 

.0055 

500 

15.7 

1.60 

10.06  .67 

6.70 

.25 

2.97 

.080 

1.059 

.052 

.211 

.0054 

1000 

14.5 

1.70 

10.48  .70 

6.90 

.26 

5.05 

,080 

1.072 

.055 

.215 

.0054 

2500 

14.8 

1.60 

10.65  .75 

6.99 

.27 

5.06 

.080 

1.076 

.055 

.214 

.0065 

3#pteabar 

100 

11.6 

1.65 

9.17  .70 

6.22 

.27 

2.77 

.085 

.994 

.059 

.199 

.0066 

500 

12.4 

1.68 

9.75  .71 

6.57 

.27 

2.87 

.085 

1.022 

.039 

.206 

.0067 

1000 

13.1 

1.72 

10.10  .72 

6.77 

.27 

2.95 

.085 

1.055 

.039 

.208 

.0067 

2500 

15.4 

1.77 

10.28  .75 

6.86 

.27 

2.96 

.085 

1.039 

.040 

.209 

,0068 

October 

100 

11.6 

1.2 

9.10  .65 

6.22 

.29 

2.7e 

.078 

.995 

.025 

.199 

.0048 

500 

12.5 

1,2 

9.66  .64 

6.57 

.29 

2.88 

.076 

1.021 

.025 

.206 

.0048 

1000 

12.9 

1.2 

10.07  .64 

6.77 

.29 

2.94 

.078 

1,034 

.026 

.208 

.0049 

2500 

15.2 

1.2 

10.26  .65 

6.87 

.29 

2.C. 

.078 

1.058 

.026 

,209 

.0049 

Kov  ember 

100 

11.2 

1.15 

8.93  .42 

6.09 

.18 

2.72 

.058 

.975 

.019 

.196 

.0058 

500 

12.0 

l.'j 

9.44  .43 

6.42 

.18 

2.82 

.058 

1.005 

.019 

.205 

.0058 

1000 

12.6 

1.24 

9.P4  .44 

6.65 

.18 

2,88 

.059 

1.016 

.020 

.205 

.0039 

2500 

12.9 

1.28 

10.02  .45 

6.72 

.18 

2.91 

.060 

1.020 

.020 

,206 

.0039 

Deceabr 

100 

11.5 

1.2 

8.78  .40 

6.06 

.17 

2.70 

.070 

.970 

.02  0 

.195 

.0046 

500 

11,9 

1.2 

9.52  .40 

6,39 

.17 

2.80 

.075 

.998 

.021 

.202 

.0046 

1000 

12.5 

1.2 

9.70  .41 

6.60 

.18 

2.86 

.075 

1.011 

.022 

.204 

.0047 

2500 

12.8 

1.2 

9.89  .42 

6,69 

.18 

2.89 

.077 

1.015 

.023 

.205 

.0048 

TABUS  aVII 

TROPOSPHERIC  6va  AT  GREAT  HEIGHTS  (bjj)  (nr) 
Thule,  Greenland 


0=0 

■r 

a;=10mr 

<x  =50nr 

_ £ _ 

a  -lOQnr 
_ 

a  •=3O0tir 
o _ 

a  =100Qmr 
_ 

H(n.ni.)  aed 

a 

aed 

a 

ned 

a 

aed 

a 

aed 

a 

aed 

0 

Ja^yyg 

100 

12.9 

2.5 

8.99 

.47 

6.07 

.17 

2.70 

.060 

.969 

.017 

.194 

.0045 

300 

13.6 

2.5 

9.55 

.47 

6.40 

.17 

2.80 

.068 

.997 

.017 

.201 

.0046 

1000 

14.2 

2.6 

9.87 

.48 

6.61 

.17 

2.86 

.065 

1.010 

.018 

,202 

.0046 

2500 

14.5 

2.7 

10.C5 

.49 

6.69 

.17 

2.89 

.068 

1.014 

.018 

.203 

.0047 

100 

11.9 

2.5 

9.07 

.45 

6.05 

.17 

2.70 

.070 

.960 

.018 

.194 

.0045 

500 

12.8 

2.4 

9.57 

.45 

6.58 

.17 

2„eo 

.070 

.988 

,018 

.201 

.0046 

1000 

13.4 

2.5 

10.00 

.45 

6.59 

.17 

2.86 

.070 

1.001 

.018 

.202 

.0046 

2500 

18.7 

2.6 

10.15 

.45 

6.66 

.17 

2.89 

.070 

1.005 

,018 

.205 

.0047 

March 

100 

12.3 

2.0 

9.01 

.46 

6.00 

.17 

2.70 

.070 

.960 

.018 

.194 

.0045 

300 

15.0 

2,0 

9.50 

.46 

6.33 

.17 

2.80 

.070 

.988 

.018 

.201 

.0045 

1000 

15.6 

2.1 

9.88 

.46 

6.54 

.17 

2.86 

.070 

1.001 

..018 

.202 

.0046 

2500 

13.9 

2.1 

10.06 

.46 

6.62 

.17 

2.89 

.070 

1.005 

.018 

.205 

.0047 

AbeU 

100 

11.1 

5.0 

8.72 

.48 

5.97 

.17 

2.69 

.050 

.959 

.016 

.192 

.0033 

300 

11.9 

3.0 

9.25 

.48 

6.31 

.17 

2.79 

.050 

,9b7 

.016 

.199 

.0035 

1000 

12.3 

3.0 

9.61 

.48 

6.52 

.17 

2.85 

.050 

1.000 

.016 

.201 

.0054 

2500 

12.6 

3.1 

9.78 

.48 

6.60 

.17 

2.88 

.050 

1.004 

.017 

.202 

.0055 

mi 

100 

9.8 

.9 

8.10 

.25 

5,72 

.12 

2.60 

.038 

.935 

.013 

.187 

.0026 

500 

10.6 

.9 

8.66 

.25 

6.05 

.12 

2.70 

.039 

.963 

.013 

.194 

.0026 

1000 

11,1 

.9 

9.02 

.25 

6.25 

.13 

2.76 

.040 

.976 

.014 

.196 

.0027 

2500 

11,4 

.9 

9.18 

.25 

6.53 

.13 

2.79 

.041 

.960 

.014 

.197 

.0028 

100 

10.2 

.63 

8.19 

.29 

& fig 

5.73  .15 

2.60 

.042 

.935 

.014 

.187 

.0026 

500 

10.9 

.64 

8.72 

.29 

6.05 

.14 

2,70 

.042 

.963 

.014 

.194 

.0026 

1000 

11.4 

,85 

9.10 

.29 

6.24  .15 

2.76 

.043 

.976 

.014 

.196 

.0027 

2500 

11.7 

.66 

9.26 

,30 

6.32 

.15 

2.79 

.044 

.960 

.015 

.197 

.0028 

c  -Star 

a.  ~10Br 

a _=50nr 

a=100mr 

a  =5  Oder 

a  -IOOQbt 

0 

c 

)  Bed 

a 

ned 

a 

Bed 

a 

mod 

0 

med 

a 

mod 

a 

&& 

100 

10.5 

.81 

8.24 

,58 

5,76 

.18 

2,61 

.046 

.935 

.021 

.189 

.0043 

500 

11,2 

.82 

6.82 

.59 

6.06 

,18 

2.71 

.046 

.963 

.021 

.196 

.0045 

1000 

11.7 

.83 

9.20 

.39 

6.28 

.18 

2,77 

.046 

.976 

.022 

.198 

.0044 

2500 

11.9 

.84 

9.36 

.40 

6V56 

.18 

2,80 

.046 

.980 

.022 

.199 

.0045 

August 

100 

10.2 

.65 

8.22 

.34 

5,77 

.14 

2.62 

.046 

.940 

.015 

.189 

.0024 

500 

10.9 

.65 

8.78 

.34 

6.10 

.14 

2.72 

.046 

.968 

.015 

.196 

.0024 

1000 

11.4 

.65 

9.16 

.35 

6.50 

.14 

2,78 

.046 

.981 

.014 

.198 

.0025 

2500 

11.7 

.65 

9.33 

.36 

6.58 

.14 

2.81 

.046 

.985 

.014 

.199 

.0026 

September 

100 

9.8 

.51 

7.93 

.25 

5.62 

.12 

2.57 

.045 

.922 

.014 

.185 

.0029 

500 

10.5 

.52 

8.47 

.25 

5.95 

.12 

2.67 

.046 

.950 

.014 

.192 

.0029 

1000 

11.0 

.53 

8.62 

.26 

6.15 

.12 

2.73 

.047, 

.963 

.014 

.194 

.0050 

2500 

11.3 

.54 

6.99 

.27 

6.25 

.12 

2.76 

.048 

,967 

.015 

.195 

,0051 

October 

100 

9.8 

.8 

8.01 

.26 

5.64 

.15 

2.56 

.045 

.923 

.014 

.135 

.0050 

500 

10.4 

.8 

8.52 

.26 

5.96 

.15 

2,66 

.045 

.951 

,014 

.192 

.0030 

1000 

10.9 

.8 

8.87 

.26 

6.16 

.16 

2.72 

.046 

.964 

.014 

.194 

.0051 

2500 

11.2 

.8 

9.03 

.27 

6.24 

.17 

2,75 

.047 

.968 

.015 

,195 

,0052 

*■ 

100 

10,5 

1.8 

8.17 

.37 

5.75 

.12 

2,61 

.042 

.937 

.015 

.185 

,0020 

500 

11  0 

1.8 

8.73 

.57 

6.08 

.12 

2.71 

.042 

.965 

.015 

.192 

.0020 

1000 

11.5 

1.8 

9.10 

.37 

6.28 

.12 

2,77 

.042 

.978 

.015 

.194 

.0021 

2500 

11.8 

1.8 

9.27 

.38 

6.36 

.13 

2.80 

.042 

.902 

.016 

.195 

.0022 

100 

22.3 

2.3 

•  8.65 

.45 

5,86 

.14 

2.64 

.055 

.946 

.018 

.190 

.0059 

500 

H..  9 

2.3 

9.16 

.45 

6.20 

.15 

2.74 

.055 

.974 

.018 

.197 

.0059 

1000 

15.5 

2.3 

9.54 

,45 

6.40 

.16 

2.80 

.055 

.987 

.018 

.199 

.0040 

2500 

13.8 

2.4 

9.70 

.46 

6.49 

.1? 

2.es 

.055 

.991 

.019 

.200 

.0041 

TR0PC6PHER1C  6‘s  AT  GREAT  HEIGHTS  (bj)  (mr) 
Fairbanks,  Alaska 


a  =C*nr  a  =10inr  a  ~30rar  a  ~100ar  a  =30&nr  cr  ~  lOOOmr 

—2 -  _e -  — i - -£. - -- -  -2 - 

)  med  o  raed  a  med  a  raed  a  raed  a  med  a 


100 

12.3 

4.3 

9.05 

1.66 

6 .06  ,45 

2.68 

,15 

.957 

.043 

,192 

.009 

500 

12.7 

4,5 

9.52 

1.67 

6.39 

,45 

2.78 

.16 

.085 

-.043 

.  l99 

.009 

1000 

13,1 

4." 

9.89 

1.68 

6.59 

,46 

2,84 

.16 

.998 

.044 

.201 

.009 

2500 

13.2 

4.9 

10.06 

1.69 

6.67 

.47 

2,87 

.1? 

1.002 

.,045 

,202 

.■009 

100 

12.2 

3,5 

8.76 

56 

February 

5.95  .29 

2.66 

.  18 

.952 

,025 

,190 

.0053 

500 

.  12.8 

3.6 

9.26 

.57 

6,27 

.,29 

2,76 

.08 

.960 

.025 

.197 

.0053 

1000 

13.3 

3,7 

9.63 

.58 

3.46 

.29 

2.82 

,08 

.993 

,026 

.199 

.0054 

2500 

13 ,6 

3.9 

9.81 

.59 

6,54 

.30 

2.85 

,08 

.997 

,027 

.200 

.0055 

100 

11.7 

5.1 

8.49 

.62 

5.77 

March 

.28 

?. 61 

.095 

.940 

.036 

,  185 

,0038 

300 

12.3 

6.5 

8.91 

.63 

6.10 

.28 

2.?i 

.095 

.960 

,056 

.  LD2 

.0038 

^000 

12.9 

5.8 

9.44 

.64 

6.29 

.29 

2.77 

.096 

EP1 

.037 

.194 

.0039 

2500 

13.1 

6.2 

9.61 

.69 

6,38 

.30 

2.eo 

.097 

.  985 

.0.58 

.195 

.0040 

100 

11.3 

2.0 

8.17 

.46 

5.67 

hm'XL 

.17 

2,57 

.059 

.921 

.020 

.184 

.0038 

300 

11.9 

2.1 

8.70 

.46 

6,10 

.17 

2.67 

.060 

.949" 

.020 

.191 

.0038 

1000 

U.4 

2,2 

9. 07 

.49 

6.19 

.17 

2.73 

.C6.i 

.962 

.020 

.,193 

.0059 

2500 

12.6 

2.4 

9.24 

."46 

6.27 

.18 

2.78 

.063 

.966 

.021 

.194 

.0040 

100 

11.  i 

2.3 

8.08 

.52 

5  .66 

fax 

.•‘V 

2  56 

.061 

.918 

.020 

„  18V 

.0041 

500 

11.8 

2.3 

8.61 

.52 

5.98 

.  :7 

2.6G 

.062 

.946 

,020 

.194 

.0041 

1000 

12.4 

2.4 

8.96 

.52 

6 .18 

.  1? 

2.72 

.065 

.959 

.020 

.196 

„  0042 

2500 

12.6 

2.5 

9.12 

.52 

6.26 

( ? 

2,75 

.064 

.963 

.021 

.197 

.0043 

100 

11  7 

4,7 

8,81 

.68 

5,89 

.28 

2.63  .10 

.946 

.030 

.190 

.0057 

300 

12.3 

4.9 

3.30 

.69 

6.2"' 

.28 

2.73  .10 

,974 

.030 

.397 

.0057 

i.OOO 

12.9 

5,2 

9.66 

.70 

6.41 

.,25 

2,79  .10 

,907 

.,030 

.199 

.0058 

2500 

13.2 

5.5 

9.84 

,71 

6.49 

.30 

2.82  .1C 

.991 

.031 

.200 

.0059 

C 


TABLE  ZV-III 
(oont, ) 


a  =0nr 

o 

a  =10mr 

o 

a  -30nr 

_ c _ 

a  slOOmr 

o 

aQ*500nr 

H(n.ai. 

)  Md 

a 

Md 

a 

med 

a 

md  '  a 

med  a 

M* 

100 

12.8 

4.4 

9.24 

.90 

6.15 

.52 

2.75  .20 

.979  .051 

500 

15.5 

4,5 

9.77 

.90 

6.48 

.52 

2.85  .10 

1.005  .051 

1000 

14.0 

4.6 

10.16 

.91 

6.68 

.33 

2.89  .10 

1.020  .032 

2500 

14.2 

4.8 

10.56 

.92 

6.76 

.34 

2.92  .10 

1.024  .055 

&KU&t 

100 

12.4 

2.0 

9.20 

.55 

6.21 

.17 

2.76  .062 

.982  .022 

500 

15.1 

2.0 

9.71 

.56 

6.56 

.17 

2.86  .062 

1.010  .022 

1000 

13.7 

2.0 

10.10 

.58 

6.75 

.17 

2.92  .062 

1.025  .025 

2600 

15.9 

2.0 

10.29 

.59 

6.84 

.18 

2,95  ,062 

1.027  .024 

100 

12.3 

5.0 

8.78 

.79 

5,96 

.30 

2.67  .094 

.954  .031 

500 

12.9 

5.1 

9.38 

.80 

6.53 

.30 

2.77  .096 

.982  .052 

1000 

15.5 

5.2 

9.77 

.81 

6.55 

51 

2.85  ,098 

.995  .052 

2500 

15.6 

5.5 

9.C3 

.82 

6.61 

.32 

2,86  ,099 

.999  .055 

100 

11.4 

2.2 

8.50 

.56 

5,78 

,14 

2.60  .052 

.954  .017 

300 

12.2 

2.5 

9.01 

,59 

6.11 

.15 

2,70  .055 

.962  .017 

1000 

12.9 

2.4 

9.37 

.39 

6.29 

.16 

2.76  ,054 

.975  .018 

2500 

15.2 

2.5 

9,54 

.40 

6.56 

.16 

2.79  .055 

.979  .018 

Nov  ember 

100 

12.2 

4.5 

8.66 

.96 

5.94 

.54 

2.64  .106 

.949  .051 

500 

12.8 

4.5 

9.20 

.97 

6.26 

.54 

2.74  .106 

.977  .032 

1000 

15.4 

4.7 

9.58 

.98 

6.45 

.35 

2.80  .107 

.990  .032 

2500 

15.6 

4.9 

9.77 

.99 

6.55 

.35 

2.83  .108 

.994  .035 

Dgggqtgr. 

100 

12.4 

6.5 

9.64 

1.47 

6.24 

,58 

2.74  .18 

.995  .062 

500 

15.0 

7.0 

10.16 

1.48 

6.58 

.59 

2.84  .18 

1.021  .065 

1000 

15.6 

7.5 

10.44 

1.49 

6,76 

.59 

2.90  .18 

1.054  .064 

2500 

15.8 

8.0 

10.76 

1.50 

6.87 

.60 

2.95  .18 

1.058  .065 

a  =10Q0*r 

_2 - 

med  a 


.196  .0062 

.205  .0062 

.205  .0064 
.206  .0065 


.197  ,0045 

.204  .0045 

.206  .0046 

.207  .0047 


.191  .0064 

.198  .0065 

.200  .0066 
.201  .0067 


.187  .0054 

. 194  0056 

.196  .0055 

.197  .0056 


.190  .0065 
.197  .0086 

.199  .0067 
.200  .0068 


.196  .0012 
.205  .0012 
.205  .0015 
.206  .0015 


o 


TABIEJCIX 

9  COMBINED  ft'a  (nr) 

THULE  DECEMBER  j.957 

— 'ka&x —  J&uJi&JiS.  ion.  r-0  me  .Total  I flO  TcUl  4 00 

%  ***  o  m®d  o  med  o  med  o  med  a 


SggJLJitAss 


1 

12.9 

2.5 

1.25 

0.55 

0.0781  0.034 

14.2 

2.4 

>.3.0 

2.3 

10 

9.16 

0.45 

1.35 

0.59 

0.0843  0.05? 

10.5 

0.74 

9.24 

0.45 

so 

6.20 

0.15 

1,59 

0.61 

0.0869  0.058 

7.  £9 

0.63 

6.29 

0.15 

100 

2.74 

0.055 

1.50 

0.66 

0.0959  0.041 

4.24 

0.66 

2.83 

0.069 

500 

0.974 

0.018 

1.125 

0.495 

0.0704  0.051 

2.10 

0.50 

1.044 

0.056 

1000 

0.197 

0.0059 

0.400 

0.18 

0.0250  0.01125 

0.597 

0.18 

0.222 

0.0.12 

ya.3.  N.  Milas 


1 

13.5 

2.5 

1.35 

0.66 

0.0843  0.041 

14.9 

2.4 

13.6 

2,5 

.10 

9.54 

0.45 

1.48 

J.723 

0.0925  0.045 

11.0 

0.85 

9.65 

0  45 

50 

6.40 

0.  i6 

1.50 

0.755 

0.0959  0.046 

7.90 

0.76 

6.49 

0.1? 

100 

2.00 

0.055 

1.485 

0.726 

0.0950  0.045 

4.29 

0.73 

2  .69 

0.07'. 

500 

0.987 

0.018 

0.877 

0.429 

0.0548  0.027 

1.96 

0.45 

1  042 

0.032 

1000 

0.199 

0.0040 

0.459 

0.21 

0.0274  0.015 

0.638 

0.21 

0.226 

c  o:;4 

i 

15.8. 

2.4 

-.35 

0.66 

0 

10 

9.70 

0.46 

1.47 

0.72 

C 

30 

6.49 

0.17 

1.49 

0.75 

0 

100 

2.85 

0.055 

*.39 

0.C82 

o, 

300 

0.991 

0.009 

0.720 

0.35 

n 

1000 

0.200 

0.0041 

0.252 

0.12 

0 

0845  0.041 

15  2 

2,5 

,5.3 

2  4 

9919  0.045 

Li  2 

0,85 

9.79 

0.46 

0950  0.046 

7.98 

0.75 

0  58 

9.38 

0669  0.043 

4.22 

0.68 

2.92 

0  070 

0450  0.022 

1  71 

0.35 

1,036 

0.029 

0157  0.0075 

0.452 

0.  i2 

0.216 

o.ooet 

C 


x&afcgja 

COMBINED  &»s  (mr) 
THU IE  JUNE  1957 


10.9 

0.64 

10 

8.72 

0.29 

30 

6.05 

0 . 14 

ICO 

2.70 

0.042 

500 

0.963 

0.0)4 

1000 

0.194 

0.0026 

1.60 

0.52 

0.100 

1.72 

0.56 

0.108 

1.78 

0.58 

o.lll 

1.92 

0.624 

0.120 

1.60 

0.52 

0.100 

0.520 

0.17 

0.0325 

0.033 

12.5 

0.82 

0.035 

10.44 

0.63 

0.056 

7.,  83 

0.60 

0.039 

4.62 

0.62 

0.033 

2.56 

0.52 

0.011 

0.714 

0,17 

11,0  0.64 

8.83  0.29 

6.36  0.14 

2,82  0.057 

1.063  0.056 
0.227  0.011 


i 

U.4 

0.65 

)  .85 

0.51 

0.116 

0.032 

1.5.3 

0.85 

11,5 

0..65 

10 

9.  C 

0.29 

2.04 

0  56 

0.128 

0.035 

1.-4 

0.63 

9.23 

0,29 

30 

6.24 

0.15 

2.07 

0.57 

0.x3C 

0.036 

8.31 

0.59 

6.37 

0.15 

100 

2.76 

0.043 

2.04 

0.56 

0.28 

0.035 

4.80 

0.56 

2.89 

0.046 

3C0 

0,976 

0.014 

1  50 

0.36 

0.0815 

0.023 

2.28 

0,36 

1..057 

1.027 

100C 

0.196 

0,0027 

0.647 

0.18 

0.0404 

0.011 

0.643 

0.18 

0.236 

0.0U 

2500  N.  Miles 


1 

11  7 

0.66 

1.65 

0.5. 

0.L16 

0.032 

13.6 

0.83 

11.8 

0.66 

10 

9.26 

0.30 

2.01 

0  56 

0.126 

0.035 

11.27 

0.63 

9.39 

O.EO 

50 

6.32 

••>.*5 

2.02 

0.56 

0.126 

0.035 

8  54 

0.58 

6  ,4fe 

0.15 

'  00 

2.79 

0.044 

1,01 

0.53 

0.120 

0.033 

4.  70 

0,55 

2.91 

0.055 

200 

0.960 

i ' . 0 15 

j.,00 

0.29 

0.0664 

0.018 

2.04 

■J  «29 

>  :y,Q 

0,023 

j  JGO 

0.1  S7 

0.0025 

0.372 

0.10 

0 . J252 

0.0063 

0.569 

0.10 

0.220 

0.0068 

_ Ttop. 


°o  * 

J 

med 

a 

1 

15.0 

7.0 

10 

10.16 

1.48 

50 

6.58 

0.59 

100 

2.84 

0.18 

500 

1.021 

0.065 

1000 

0.203 

0.012 

1 

13.6 

7.5 

10 

10.44 

1.49 

30 

6.78 

0.59 

100 

2.90 

0.18 

500 

1.054 

0.064 

1000 

0.205 

0.015 

L 

13.8 

8.0 

10 

10.76 

1.50 

50 

6.87 

0.60 

100 

2.93 

0.18 

300 

1.038 

0.065 

1000 

0.206 

0.013 

TABIE  m  ' 
COMBINED  %'s  (nr) 
FAIRBANKS  DECEMBER  1957  MID-MI 


Ion.  100.  bo  faa.  iSSjES 
med  a  mod  a 


a«Lg. 

L-ittJL&B 

4.48 

1.87 

0.270 

0.117 

4.84 

2.02 

0.502 

0.126 

4.96 

2.09 

0.511 

0.151 

5.38 

2.25 

0.536 

0.141 

4.03 

1.68 

0.252 

0.105 

1.295 

0.545 

0.081 

0.054 

IflftJU-MUEl 

4.95 

1.62  0.508 

0.101 

5.43 

1.78  0.559 

0.110 

5.50 

1.80  0.544 

0.112 

5.43 

1.78  0.559 

0.110 

5.20 

1.05  0.200 

0.066 

1,493 

C .470  0,095 

0.029 

4.93 

1.62 

0.308 

0.101 

5.39 

1.76 

0.337 

0.110 

5.40 

1.77 

0.338 

0.111 

5.10 

1.67 

0.319 

0.104 

2.65 

0,804 

0.164 

0.054 

0.860 

0.270 

0,0^38 

0.0169 

aed  o 

med  a 

17,48 

7.4 

13.27 

7.0 

15.0 

2.50 

10.46 

1.485 

11.56 

2.17 

6.89 

0.74 

8.22 

2.25 

3.178 

0.224 

5.05 

1.68 

1.273 

0.123 

1.498 

0.543 

0.284 

0.0564 

18.55 

7.65 

15.908 

7.5 

15.87 

2.32 

10.779 

1.49 

12.28 

1.89 

7.124 

0.60 

8.53 

1.79 

3.239 

0.211 

4.234 

1.05 

1  234 

0.092 

1.698 

0.47 

0.298 

0.0M8 

18.73 

8.2 

14.108 

8.0 

16.15 

2.31 

11.097 

1.50 

12.27 

1.06 

7.208 

0.615 

8.03 

1.68 

3.249 

0.216 

3.668 

0.864 

1.202 

0.084 

1.066 

0.270 

0.2598 

0.0214 

TABLE  JDCII 
COMBINED  6's  (ar) 
FAIRBANKS  DECEMBER  1957  NIGHT 


_ Trgg, 

aQ  nr  mad  <j 


iea»-iSS  Pc  ton.  400  me 

mad  a  mad  a 


mec  a 


-MfeU oa 

mad  d 


saojiuimss 


1 

15.0 

7.0  , 

1.05 

0.45 

0.066 

0.028 

14.05 

7.0 

13.07 

7.0 

10 

10.16 

1.48 

1.135 

0.485 

0.071 

0.030 

11.30 

1.56 

10.23 

1.48 

30 

6.58 

0.59 

1.168 

3.500 

0.073 

0.051 

7.75 

0.77 

6.65 

0.59 

100 

2.84 

0.18 

1.26 

0.54 

3.079 

0.054 

4.10 

0.57 

2,92 

0.183 

300 

1.021 

0.063 

0.945 

0.405 

0.059 

0.025 

1.966 

0.44 

1.080 

0.068 

1000 

0.203 

0.012 

0.341 

0.144 

0.021 

0.0090 

0.544 

0.144 

0.224 

0.015 

I 

13.6 

7.5 

i.,21 

1000  V 

0.59 

0.076 

0.037 

14.81 

7.5 

13.68 

7.5 

10 

10.44 

1.49 

1,33 

0.65 

0.085 

0.0406 

11.77 

1.62 

10.52 

1.49 

50 

6.78 

0.59 

1.345 

0.66 

0.084 

0.041 

8.13 

0.89 

6.86 

0.59 

100 

2.90 

0.18 

1.33 

0.65 

0.083 

0.0406 

4.23 

0.67 

2.98 

0.185 

300 

1.054 

0.064 

0.846 

0.413 

0.053 

0.026 

1.88 

0.418 

1.067 

0.069 

1000 

0.205 

0.013 

0.400 

0.195 

0.025 

0.012 

0.605 

0.195 

0.230 

0.018 

1 

13.8 

8.0' 

1.21 

g mi 

0.59 

iJiase 

0.076 

0.037 

15.01 

8.0 

13.88 

8,0 

10 

10.76 

1.50 

1.32 

0.644 

0.082 

0.040 

12.08 

1.65 

10.84 

1.50 

30 

6.87 

0.60 

1..32 

0.644 

0.032 

0.040 

8.19 

0.88 

6.95 

0.60  - 

100 

2.95 

0.18 

1.25 

0.61 

0.078 

0.038 

4.18 

0.64 

3.01 

0.184 

300 

1.038 

0.065 

0.696 

0.54 

0.044 

0.02: 

1.754 

0.346 

1.082 

0.068 

1000 

0.206 

0.013 

0.230 

0.112 

0.014 

0.0070 

0.436 

0.113 

0.220 

0.015 

TAB  IB  mu 
COMBINED  6's  (or) 

FAIRBANKS  JUNE  1957 


froD. 

Ion.  100  mo 

lor  40Q  bc 

..Totul.  1QQ 

Trtrt 

a  mr 

0 

mod 

0 

■ted 

0 

eed 

0 

med 

a 

»ed 

mjL 

.-hum 

1 

12.5 

4.9 

1.69 

0.69 

0.106 

0.056 

15.99 

4.96 

12.41 

10 

9.50 

0.69 

1.84 

0.96 

0.115 

0.060 

11.14 

1.18 

9.42 

50 

6.21 

0.28 

1.88 

0.90 

0.117 

0.062 

8.09 

1.05 

6.33 

100 

2.75 

0.10 

2.05 

1.07 

0.127 

0.067 

4.76 

1.07 

2.86 

500 

0.974 

0.050 

1.69 

C.89 

0.106 

0.056 

2.66 

0.89 

1.080 

1000 

0.197 

0.0057 

0.558 

0.294 

0.05S 

0.0184 

0.755 

0.294 

0.232 

1 

12.9 

5.2 

1.98 

mu 

0.59 

0.124 

0.037 

14.88 

5.25 

■  15.02 

10 

9.66 

0.70 

2.18 

0.65 

0.136 

0.0406 

11.82 

0.95 

9.80 

50 

6.41 

0.29 

2.20 

0.66 

0.157 

0.041 

8.61 

0.72 

6,55 

100 

2.79 

0.10 

2.18 

0.65 

0.156 

0.0406 

4.97 

0.66 

2.95 

500 

0.987 

0.50 

1.59 

0.41 

0.087 

0.026 

2,58 

0.51 

1.074 

1000 

0.199 

0.0058 

0.704 

0.209 

0.044 

0.0131 

0.905 

0.209 

0.243 

1 

15.2 

5.5 

1.96 

sm  n 

0.59 

^JiUSS. 

0.124 

0.057 

15.18 

5.55 

13.32 

10 

9.84 

0.71 

2.16 

0.645 

0.335 

0.040 

12.00 

0.96 

9.98 

50 

6.49 

0.30 

2.16 

0.645 

0.135 

0.040 

8.65 

0.71 

6.65 

100 

2.82 

0.10 

2.04 

0.61 

0.127 

0.058 

4.86 

0.62 

2.95 

500 

0.991 

0.051 

1.14 

0.34 

0.071 

0.023 

2.15 

0.34 

1.062 

1000 

0.200 

0.0059 

0.405 

0.120 

0.025 

0.0075 

0.605 

0.120 

0,225 

400 

a 


4.90 

0.69 

0.287 

0.108 

0.064 

0.0192 


5.20 

0.70 

0.295 

0.108 

0.50 

0.0145 


5.50 

0.71 

0.50 

0.107 

0.057 

0.0079 


nBii  xrn 


INVERNESS  JUNE  195? 
COMBINED  &<a  (nr) 


TJpod. 

. 

Ido.  100 

me 

Ion.  400  me 

Total 

100 

Total  400 

p 

o 

n 

mad 

0 

mad 

a 

mad 

a 

med 

a 

mad 

a 

gflSJL. 

Jlilfis. 

.  i 

12.  S 

1,70 

1,85 

.75 

.116 

.047 

14.35 

1.86 

12.62 

1.70 

10 

9.50 

,54 

1.88 

.765 

.118 

.048 

11.18 

.955 

9.42 

.54 

50 

6.49 

.25 

1.95 

.80 

.122 

,050 

8.44 

.857 

6.61 

.255 

100 

2,8? 

.086 

2.22 

.90 

.159 

.066 

5,09 

.90 

5.01 

.104 

500 

1.015 

.052 

1.85 

.75 

.116 

.047 

2.865 

.75 

1.129 

.057 

1000 

.204 

.0062 

.684 

.278 

.040 

.0174 

888 

.278 

.247 

.0184 

Mix 

Jliias 

i 

15.1 

1.70 

2.47 

.85 

.155 

.055 

15.57 

1.90 

15.26 

1.70 

10 

9.67 

57 

2.49 

.86 

.156 

.054 

12.16 

1.05 

9.83 

.57 

50 

6,74 

.26 

2,52 

.87 

.158 

.054 

9.26 

.907 

6.90 

.266 

100 

2.95 

.069 

2.72 

.94 

.170 

.059 

5.65 

.94 

5.10 

.107 

500 

1.026 

.055 

1.85 

64 

.116 

.040 

2.876 

.64 

1.142 

.052 

1000 

.206 

.0062 

.986 

.54 

.0617 

.021 

1.192 

.34 

.268 

.022 

Hllea 

1 

15,4 

1.70 

2.47 

.65 

.155 

.053 

15.67 

1.90 

15.56 

1.70 

10 

9.85 

.60 

2,46 

.854 

,155 

.053 

12.53 

1.04 

10.01 

.60 

50 

6.75 

.27 

2.49 

.856 

.156 

.0555 

9.24 

.905 

6.91 

.27 

100 

2.96 

.090 

2.56 

.885 

.160 

.055 

5.52 

.888 

5.12 

.105 

500 

1.050 

.055 

1.52 

.550 

.0951 

.035 

2.55 

.550 

1.125 

.04? 

100C 

,207 

.0065 

.561 

.20 

.0552 

.0125 

.767 

.20 

.242 

.014 

YABUS  mu 


aQ  mr  mad 


INVERNESS  DECEMBER  1964  MID-DAY 

COMBINED  6'a  (*r) 

ISabuJflQjg  Ion,  400  me 
mad  a  mod  a 


JMslLJSSL 

raed  a 


-laUUflL 

mod  <J 


mJLJWaa 


1 

11.9 

1.2 

.900 

.20 

.056 

.0125 

12.8 

1.22 

11.96 

1.2 

ID 

9.32 

.40 

.900 

.20 

.056 

.0125 

10.22 

.45 

9.38 

.40 

30 

6.39 

.17 

.940 

.21 

.059 

.013 

7.33 

.27 

6.45 

.17 

100 

2.00 

.073 

.990 

.22 

.062 

.014 

3.79 

.23 

2.86 

.074 

300 

.998 

.021 

.630 

.14 

.039 

.0087 

1.628 

.14 

1.037 

.023 

1000 

.202 

.0046 

.135 

.030 

.0084 

.0048 

.337 

.050 

.210 

,0066 

1 

12.5 

1.2 

.955 

.20 

.060 

.0125 

13.5 

1.22 

32.56 

1.2 

10 

9.70 

.41 

.989 

.21 

.062 

.013 

10.69 

.46 

9.76 

.41 

SO 

6.60 

.16 

.995 

.21 

,062 

.013 

7.60 

.28 

6.66 

,18 

100 

2.86 

.075 

.955 

.20 

.060 

.0125 

3.82 

.21 

2,92 

.076 

500 

1.011 

.022 

.478 

.10 

.030 

.0063 

1.489 

,103 

1,041 

,023 

1000 

.204 

.0047 

.143  ' 

.030 

.0089 

.0048 

.347 

.030 

.213 

.0067 

1 

12.8 

1.2 

.955 

o 

CM 

• 

.060 

.0125 

13.8 

1.22 

12.86 

1.2 

10 

9.89 

.42 

.964 

.20 

.060 

.0125 

10.85 

.46 

9.95 

.42 

30 

6.69 

.18 

.964 

.20 

.060 

.0125 

7.65 

.27 

6.75 

.18 

100 

2.69 

.077 

.898 

.19 

.056 

.012 

3.79 

.20 

2.95 

.078 

300 

1.015 

.025 

.393 

.082 

.025 

.0051 

1.408 

.085 

1.040 

.024 

1000 

.205 

.0048 

.0821 

.017 

.0051 

.0011 

.287 

.018 

.210 

.0049 

lABiajXVili 


INVittNKUS  DECEMBER  1954  NIGHT 

C (MINED  6'i  (nr) 


ao  “r 


JMU..1QQJK 

mad  a 


2&UaJQQ..M 

mad  a 


JtelftA.lPO.  Total  4QQ 
mad  a  mad  o 


1 

11.9 

1.2 

o.oeo 

gyr.  i 

0.051 

0 .0050  0 .0019 

12.0 

1.2 

11.9 

1.2 

30 

9.52 

0.40 

0.080 

0.051 

0.0050  0.0019 

9.40 

0.41 

9.32 

0-40 

BO 

6.59 

0.17 

0.0855  0.052 

0.0052  0.0020 

6.47 

0 .17 

6.39 

0.17 

100 

2.60 

0.075 

0.088 

0.054 

0.0058  0.0021 

2.89 

0.80 

2.81 

0.075 

800 

0.996 

0.021 

0.072 

0.028 

0.0045  0,0017 

1.070 

0.055 

1,002 

0.021 

1000 

0.202 

0.0046 

0.0196 

0.0076 

0.0C12  0.00048 

0.222 

0.0089 

0.205 

0.0046 

1 

12.5 

1.2 

0.090 

Y  ■  i 

0*039 

0.0056  0.0024 

12.6 

1.2 

12.51 

1.2 

10 

9.70 

0.41 

0.0952  0.040 

0.0058  0.0025 

9.79 

0-41 

9.71 

0.41 

50 

6.60 

0.18 

0.0957 

0.041 

0.0059  0.0026 

6.69 

0.18 

6.61 

0.18 

130 

2.86 

0.075 

0.090 

0.069 

0.0056  0.0024 

2.95 

0.084 

2.87 

0.075 

500 

1.011 

0.022 

0.049 

0.021 

0.0051  0.0015 

1.06 

0.030 

1.014 

0.022 

1000 

0.204 

0.0047 

0.0225  0.0098 

0.0014  0 .00061 

0.227 

0.0109 

0.205 

0.0047 

3. 

12.8 

1.2 

0  .090 

2500  1 

0.059 

ILJUisa 

0.0056  0.0024 

12.9 

1.2 

12,81 

1.2 

10 

9.89 

0.42 

0.091 

0.040 

0.0057  0.0025 

9.98 

0.42 

9.90 

0.42 

50 

6.60 

0.18 

0.091 

0.040 

0.0057  0.X25 

6,78 

0.18 

6.70 

0.18 

100 

2.89 

0.077 

0.085 

0.^57 

0.0053  0.0023 

2.98 

0.082 

2.90 

0.077 

500 

1.015 

0.025 

0.040 

0.017 

0.0025  0.0011 

1.055 

0.029 

1.018 

0.023 

3000 

0.205 

0.0048 

0.0129  0.0056 

O.OOOS'jJ.  00055 

0.218 

0.0074 

0-206 

0.0048 

COMBINED  6's  (nr) 


INVERNESS 

JUNE  1954 

_ &2P. _ 

Ion. 

100  mg 

Iqik4Q0»c 

Total  100 

Total 

400 

a  nr 
o 

B«d 

a 

med 

a 

mad 

a 

med 

a 

med 

O 

300  N, 

.  Miles 

1 

12.5 

1.70 

0.950 

0.42 

0.058 

0.026 

13.45 

1.75 

12.56 

1.7 

10 

9.30 

0.S4 

0.930 

0.43 

0.058 

0.027 

10.25 

0.69 

9.56 

0.54 

30 

6.49 

0.25 

0.968 

0.45 

0.060 

0.028 

7.46 

0.51 

6.55 

0.25 

100 

2.87 

0.088  ‘ 

1.02 

0.47 

0.064 

0.029 

3.89 

0.48 

2.95 

°.095 

300 

1.013 

0.052 

0.766 

0.34 

0.048 

0.021 

1.779 

0.54 

1.061 

0.058 

1000 

0.204 

0.0062 

0.214 

0.096 

0.013 

0.0060 

0.418 

0.096 

0.217 

0.0086 

m** 


■X 

13.1 

1.70 

0.990 

0.44 

0.062 

0.028 

14.09 

1.76 

13.16 

1.7 

10 

9.67 

0,67 

1.025 

0.46 

0.064 

0.029 

10.70 

0.61 

9.75 

0,  57 

30 

6.74 

0.26 

1.03 

0.46 

0.064 

0.029 

7,77 

0.55 

6.80 

0  26 

100 

2.95 

0.089 

0.990 

0.44 

0.062 

0.028 

3.92 

0.45 

2  99 

O.J96 

300 

1.026 

0.033 

0.645 

0.29 

0.040 

0.018 

1.669 

0.29 

1.066 

0.036 

1000 

0.206 

0.0062 

0.218 

0.097 

0.014 

0.0061 

0.424 

0.097 

0.220 

0.0087 

2-SQQ  M.  Mllea 


1 

13.4 

1.70 

0.990 

0.44 

0.062 

0.028 

14.39 

1.76 

15.46 

1.7 

10 

9.8o 

0.60 

0.996 

0.44 

0.062 

0.028 

10.85 

0.66 

9.9.1 

0.60 

50 

6.75 

0.27 

0.998 

0.44 

0.062 

0.026 

7.75 

0.52 

v  .81 

0.27 

100 

2.96 

0.090 

0.950 

0.41 

0.068 

0.026 

3.89 

0.42 

3,02 

0.094 

300 

1,050 

0.055 

0.529 

0.24 

0.033 

0.015 

1.553 

0.24 

1.063 

0.036 

1CD0 

0.207 

0.0063 

0.125 

0.066 

0.0073 

0,0035 

0.332 

0.056 

0.214 

0.0072 

TABAOU 


•  » 

^  ‘  ;■  ;._7‘  l,‘ :, 

fttfM**  0ec«ber8, 


N 


M  -fl  Nf\ 
o  J 


see  tan  $ 


299  o? 
283 

276.8 

259.8 

252-6 

242.6 

229.9 

219.3 

217.6 


C 


13.4 

29.4 
56,3 

53.5 

60.5 

70.5 

83.2 
93.8 

95.3 


13-4 

16.0 

6.9 

17.2 

7.0 

10.0 

12.7 

10,6 


195.7 

156.0  157.1 
145.3  167.8 

135.7  177.4 
104-9  208.2 

84.8  228.- 
68.6  244.5 

61.9  251.- 
40.5  272.6 
26 .1  287 , 

5,9  309 
0 


.0 

.2 


1.5 

22,1 

59.7 

10.7 
9.6 

50.8 
20.1 
16.2 

6.7 

21.4 

14.4 

22.2 


*  9 
0#v 


513. 


imr3 


VSH 


1000  tan  p,, 

tan  ^ 


’H 

v 


9/2 


Y  taDp 

yh  -  can  Pu 

5  l--"' 


(lV“V 


Y?-/2  x'o. 
tan  a 


0 

3.3.3 
6.30 
6  .80 
9.10 
9. 7 
3.0.6 
11,6 
12.4 
12.8 
14.6 
19,0 

19.5 

20.5 

23.2 
25.7 

27.2 
28.0 

31.2 

35,6 

41.5 

84.0 


155 

155 

155 

155 

155 

t55 


155 
155 
155 
155 
155 
155. .5 
155.5 
155.5 
156 
156 
156.5 
15? 
158 
159.5 
161 
185 


H  -  10  * 

„  =£00 


tt 


s0 


r> 


o 


9.87 

104.1 

27,0 

266.5 

48.8 

211.2 

36  ,9 

5.72 


.3358 

104.1 

310- 

104.1 

.056 

,06 

.34 

.18 
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